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NUMEROUS and rapid as have been 
the improvements made in the branches of 
natur^ knowledge chiefly cultivated in France 
and England since the year 1784 (that in 
which the first edition of these Elements has 
appeared), those that have fallen to the share 
ot Mineralogy, the branch with us least at- 
tended to, have equalled and kept pace with 
them. In the preceding 'decennial period, 
from 1774 to 1784, Mineralogy may be said 
to have for the first tijne assumed its rank 
among the sciences, its simplest elements hav- 
ing been for the most part discovered, and 
established within that period, its leading dis- 
tinctions ascertained, and the great art of re- 
solving the most complex into the simplest 
substances not barely improved, but in a man-» 
ner created. In the succeeding period, froni 
1784 to the present year, our knowledge re- 
specting each of these objects has been still 
farther extended; precise lines of discrimi-i 
nation have been traced even in the minuter 
sub-divisions of the science; the gross indi- 
cations of the unassisted senses, freed from 
their attendant fallacies, have been pressed 
into its service; the more refined chemical 
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tests still fartfayer perfected, have been rendered 
more conclushre ; fttany nfew species brought 
to light; the catalogue of the supposed ele^ , 
mentary substahced Ae^rly completed; and 
the great art of analysis, extended far beyond 
its former limits, now itearly reaches the pre- 
cision of an algebraic formula. 

Having thus summarily marked the pro- 
gress of the art, I should consider it as an 
act of injustice to suppress the illu^rious 
names to whom' we are indebted for these io 
qutrem^nts ; if in the form^f period a Scheele 
and a Bergman challenged ouf gtatitude and 
admiration, in the present, these sentim^ts 
are justly due to a Klapfoth dnd a Werner J 
to the former we owe the rfiost acturdte, sdb- 
tie, and refined analyses; to th6 latter, th6 
selection, depuration, and judicious ttbplica- 
tion of the external characters of fossils ;- the 
former detects the internal principles, the lat* 
ter depicts the substances to which those prin- 
ciples belong ; if the researches of the fofttief 
have in many cases led him to the discovery 
of new and unsuspected eleinents, those of 
the latter, by a happy comparison of the ha- 
bitudes of adjacent fossils, have led hiih to 
the true designation of their origin; by thfe 
joint efibrts of both, as for as these investi- 
gations have hitherto reached, hot only thd 
nature and properties of minerals singly taken, 
but also their relations, connections, and de- 
pendencies on each other, have received the 
niUest and most satisfactory illustration. 
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> tf from tiw prospect of these unpro^e^ 
iirats we now turn oar attention to the 
causei of this unexampled progress^ we may 
easiij dedooe them from the evident chai^e^ 
I may almost say rovohition^ that has taken 
place in the pul^c mind within these last teil 
yearsi Nations hi the fiill enjoyment of ilM 
most coosiderable natnral advantagesi, extent 
tyf territory, fertiUty of soil, ben^ity of 
ehmate^ have beheld wkfain tlmt short period^ 
with mkied aentiments of astomslmieot, en^ 
rjj and c^fet, that superiority of opnlence^ 
resouneea, and power, conferred by an imre« 
mttted and soccesslbl application of the ma-^ 
thematical and pbysicdi sciences on coun^ 
tries to whom nature had in every respect 
been moch less liberal; tliey observed thd 
connexion of mineralogy in particular, not 
only with subterraneous substances to which 
it was long erroneously supposed exclusively 
confined ; bat with all the morganic matter 
that forms the earth's surface, and conse« 
queatly, with agriculture, medicine, and the 
raw materials, or necessary instruments of all 
maou&ctures that supply either the necessa*^ 
ries, comforts, or luxuries of human life; in 
consequence of these observations, all the 
European nations sealously concurred in pay^ 
ing a fuller attention to its cultivaticm ; 
many hare been immediately rewarded by 
the discovery of substances within their own 
teriitories, before imported with great diffi- 
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eulty and expence from other countries'^, mi- 
neralogical voyages were every where imder- 
takeii, mineralogical coUections, if not fii^t 
formed, became more numerous, and far more 
scientifically arranged; treatises on this ob« 
ject have appeared in all languages; Ger« 
many, in every instance, outpassed even its 
former exertions, and still contmues to uphold 
its ancient superiority ; there a mineralogical 
society has been formed, whose branches ex- 
tend to all parts of the globe, and of whose 
transactions some volumes have already ap- 
pesired; similar, though less extensive asso* 
ciations have taken place in other countries ; 
eminence in this science has at once been re« 
warded and multiplied by public esteem, civil 
honours, and emoluments; and thus every 
motive to human industry happily applied. 

It will, I suppose, be readily granted, that 
the multifarious stock of information, thus 
promiscuously accumulated in several coun- 
tries, conveyed in various languages, and not 
always presented in the most intelligible man- 
ner, could not easily be collected, digested, 
and arranged, or in many cases readily un- 
derstood; such, indeed, were the difficulties 
attendant on such an undertaking, that, were 
I not encouraged by an event as favourable as 
unexpected, 1 should despair of attemptinj 
it with any prospect of success ; the event 

' * As cobalt, coal, fuUer's earth, tarras, &c. 

allude 
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alhide to is th« acquisitioh of the Leskean 
collection of fossils, the most perfect monu-* 
ment of mineralogical ability now extant; 
that the |>ossession c^ this cabinet should 
escape the vigilance of the most learned na« 
tions and &11 to the lot of Ireland, hitherto 
80 inattentive to matters of this nature, was 
little to be expected; through the active zeal, 
however, of two of its most enlightened pa* 
triots*, and the influence secured to them by 
former services of the most essential nature, 
the sums requisite for its purchase, and for 
building a repository to receive it, were ob- 
tained ; hitherto its treasures have been un* 
veiled only to my eyes; the time, however, 
approaches, in which it will be laid open to 
the inspection of the curious, and thence we 
may date the diffusion of exact mineralogical 
knowledge, not only in this, but perhaps' in 
the neighbouring countries. I say exact, for 
among several intelligent foreigners who have 
lately passed into ihis kingdom, to whom I 
exhibited a few specimens of various fossils, 
I met none, except those of the Wemerian 
school, who could truly distinguish them. 

From the inspection of this cabinet, the 
use I was permitted to make of its specimens, 
and the well-digested catalogue annexed to it, 
I derived numerous advantages, being en<- 
abled to rectify false descriptions, determine 

" ' ■ ' ' ■■■■■»■■ ■■ i ■ ■■ ■ > ' ' ■ r ■ ■■* 

* Right. Hon. John Forster, Speaker of the Rouse 
of Commons, and the Right Hon. William Burtoa 
Cunniogham. 
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the aixi^gticittSy enlarge the defectivcr^ diacA^ 
tninate or a{>pro|Hriate9 as die cam might bey 
aubitances to which either the same or different 
denonunations had comlnonly berefofore been 
erroneously applied^ and even to add new de^ 
scriptionsf,, suggest new dbtinctionSf and aup-» 
ply addition^ characters or tests of sub^ 
stances nearly bordering on each other : for 
this purpose 1 scrupulously examined the spen 
cific gratities of most of the substances men4 
tioned in the foUo^nng work, as well as their 
fusiUlity in rarious degrees of heat by ther 
help of Mr. Wedgwood's pyrometer; and to 
extract from these all t^ Ifgbt they were ca«< 
paUe of affording; I made many new expend 
ments on the fusibility of various combioatiooff 
of the simple earths, to the advantage as I ex-« 
}>ect of the arts of pottery and vitrifioation^ 

The reader will probably be desirous to 
know on what grounds the authority of the 
lieakten cabinet rests, on which I so inuck 
. rely ; these I the more readily undertake to 
explain^ as they lead me to a. summaiy de^ 
fcription of the various parts of which it ecti^ 
sists^ and the markt by which they are di»« 
tuogutshed in the quotations in which I refer 
to tbem* 

Previous to the year 1780, Mineralogy^ 
though tolerably understood by many as an 
art, couki scarce be deemed a science, beings 
for want of precise definitions of its objects^ 
incapable of communication : the same sub- 
ttance, from some slight variation of appear* 

ance, 
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aneiy was eliteii denoted by different names, 
and different sabstanoea by the same name ; 
its deaenptire language, waa, for the moat 
part, arbitrary, vagae, and ambiguoua, each 
author using that which seemed to hhn best 
to answer his purpose ; to ebriate the confii* 
sion thence ensuing, chemical tests were ap«* 
plied ; but eren these were found in many 
cases insufficient, unless the substances es* 
posed to them were thoroughly analyaed ; a 
Work of great difficulty, involving an intole^ 
nble length of time, and, when executed, dc* 
monstrative only of the individual substance 
to which it was applied* When any new 
ftpecimen occurred, it might still be ques«> 
tioned whether it was or was not of the same 
bature as that alnRiady analyzed ; recourse 
must then have been had to description, and 
thus the same inconveniencies recurred. After 
many ineffectual attempts to obviate these 
difficulties, by Linnaeus, Peithner, and others 
descriptive language was at last reduced to as 
much precision as it was capable of receiving, 
by Mr. Werner in 1774, and by the union 
of external characters thus describedy with the 
results of chemical analyses, the denomina^ 
Horn of most of the earths and stony sub^ 
Stances then known, were finally settled by 
^^ same yiUstrious author in his Notes on 
Cronstedt, published m 1780*. 

^ Since that time Mr. Weaver has puUfehed an 
Meet lent tratt on External Cbaraclers, and after bioi 
Mr« Ja i i ic saai, Mir. Hanijr*! kas aJso aiioh merit:. 

An 
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' All the mineralogical collections, therefore^ 
formed before that year, or even since, if ar- 
ranged on other principles, are necessarily in 
many respects defective and erroneous^ 

Of the many excellent disciples formed by 
Mr. Werner, Leske, the framer of the pre-* 
sent collection, was one of the earliest and 
most eminent ; upon Werner's principles, and 
with his assistance, it was arranged between 
the years 1782 and 1787- Upon the decease 
of Mr. Leske^ it was revised, corrected, and 
enlarged, by Mr. Karsten, also a disciple of 
Mr. Werner's, and, next to him, perhaps the 
most acute and judicious mineralogist now 
existing: to him we owe the catalogue that 
accompanies the cabinet, and which, Tike this, 
is divided into five parts ; the first, destined 
to convey the knowledge of the descriptive 
language, by exhibiting to the senses the cha* 
racters described, is called the characteristic 
part, and is marked K ; it consists of 580 
specimens. The second part contains the 
systematic or oryctognostic collection, as it is 
railed, and thence marked O ; in this, the sim-» 
pier fossils are distinguished under their Genera 
and Species, according to the method then 
followed by Mr. Werner j it exhibits 3268 spe- 
cimens. The third part is called geognostic or 
geological, and thence is marked G, presenting 
the substances found in primaeval, stratified, 
aluvial, and volcanic mountains, and con^* 
taining perhaps the completest collection of 
petri&ctions now extant ; it consists of 1 100 

speci- 
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Specimens. The. fourth is destined to pre<* 
sent specimens of the fossils found in difierent 
parts of the globe, proceeding, in an orderly 
series, from America to Asia, Europe, andf 
Africa, and hence marked S ; this, though it 
presents 1909 specimens, is necessarily the 
Hiost defective, b^ng in reality the bare out- 
line of an immense plan, >vhich can be com- 
pleted only by national opulence, when all 
parts of the globe have been thoroughly ex- 
plored, and Mineralogy extended to the ut- 
most hmits of ideal perfection ; yet, imperfect 
as it is, it may be, to persons who have al- 
ready made some progress in mineralogical 
knowledge, by &r the most instructive, as it 
discovers an immense variety of substances 
of the same denomination, L multi&riously 
disguised that it required all the sagacity of a 
Karsten to elucidate and distinguish them: 
this part is particularly rich in German fossils, 
more especially the Saxon, with the references 
Co the accounts of Charpentier, and Leske's 
mineralogical travels, in which they are more 
minutely described ; here also we meet those 
suspicious fossils found in the diocese of Fulda, 
and on the borders of the Rhine, which many 
bave supposed to be volcanic, with references 
to Voight, who has described them under 
names alluding to this origin. The fifth is 
trailed the economical collection, being formed 
of 474 specimens. of the fossils used in various 
arts and manufactures, as architecture, sculp** 
ture, agriculture^ jewellery, colouring, dying, 

clothing, 



"1 



%l¥ FRBFACE. 

dothuig, poitenr, gkziog* ^nametttog^ psh' 
h$lmg of metoU, furaace bmldiog, medi^ 

iW ivhole c»tiiDet oontaiiu 733 L specie 
0iem» apd M (except that oi the mioratilo* 
«cal sdiocd «t Fribourg, and that of Mr. 
BibBt Von OhaiB) k k tM only ooe diat ixuif* 
taimi ^camens of almort eve^ known spe^ 
eies, arranged on fixed principles^ and, at leaafe 
Ibr the mint part truly denominated, its valoe 
Kvay tbenoe he estianated. That of Mr. Pabet 
cootaioa only ^73 flpeckneca. 

Complete as (this collectioo may appear, a 
companaon with ail others hitherto fonmed, it 
aeoessaiily partakes of the imperfect state of 
the scieaoa itself; and being the work of am kw 
dividual, £ur reooMoved liiom opuienoe, and some 
jfiears dead» it is defective with respect to some 
smbatanoes httdy diacorered^ and also in Eng«- 
liah^ alpiae, aadf vdlcanic specimesa^ of th^ 
kat, howevm, at least of thoae .of V.eauv3tts, the 
Rof»l Iiash iVcadesiy possesses a very ample 
aui welfUdi^^Qsted aenes thnnigh the bounty of 
the Revenend Mr« Grw^den, Jiot hou^t upi 
fine i^nonttt or svindkng dealera ^at Naplea, 
twitpamfiiily eeUeetedfoy hiieself enthatmoui» 
iam» and the nei^dwuni^ territory; fats ua* 
tsaamoo aagaeky in tracmg app^aranees to 
jlieir Irae causei^ and the knowledge be ecr 
tfmnd tiunongheoMefid attentMNi to local cir#> 
tanastanoea, hone enabled him to dedace the 
iotrieate filnstioa mid coonaebon of these turoi- 
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ductions with all the satis&ction and certainty 
that the nature of the subject can admit. 

llie present edition of these Elements of 
Mineralogy being grounded on a foundatioa 
so very different from the former, necessartly 
assumes a very different form, being mucn 
more copious, and, as I hope, infinitely more 
perfect The external characters (crystalliza-* 
tion excepted) are enumerated and described 
wtm very iirae ^mnacKni iron Mr. tf ^racf $ 
tract on that subject; some new Genera^ 
and many new Species, are mtnodviotd, 4^e 
analysis by different persons annexed. Not 
wrvilely mddiebdd tB any gyitea^ 1 ham taken 
the liberty, when I diought it necessaiy^ nf 
framing new distinctions, and even of intro- 
ducing a new class; I have also added the 
description of some Irish fossils, which ap- 
peared not to have been known in other coun- 
tries. Volcanic productions, that in the for- 
mer edition were but slightly mentioned, will 
here be found minutely considered, and the 
origin of basalt fiilly discussed. I have also 
treated of the analysis of Earths and Stones 
much more at large than before, and impar« 
tially examined those already made; in a 
word, I hope I have faithfully represented 
the present state of the Science. 
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' The reader i^ reqoeiled to advert to the foUowing.crran, in tha 
vnong pagiog of two sheets of this volume. 

For |>age S7S, beginiiing, ** my experiments,** to p. 388, cndiiig ** as,* 
' rmJ^ 278, &c. to 888. 

For p. 405, beginnmg ** porphyrr*" to p. 490, ending '* sort," rW, 
" 305, &d to 320. 

^o enable the reader more readily to distinguish these erroneous foGoe 
from similar ones in a subsequent part of the Tolume, aa astendL (*) is 
put to them in the cooteati^ 
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MINERALOGY- 



J^INERALOGY, as distinct from Natural 
History, is the art of distinguishing mine- 
ral substances from each other. 

All bodies found in or on the earthy and not 
of vegetable or animal origin^ are called Mi- 
nerals. 

The whole complex system of minerals^ 
called the Mineral Kingdom, is usually di- 
vided into four parts : 1 . Earths and Stones. 
3. Salts. 3. Inflanjmables. 4. Metallic Sub- 
stances. Of each of which I shall treat in the 
same order. 



PART I. 

OP EARTHS AND STONES. 

• 

The term earthy denotes a tasteless^ in- 

odorous^ dry, brittle, uninflammable substance, 

whose specific gravity does not exceed 4,9, and 

gives no tinge to borax in fusion. Yet quick- 

▼OL. I. B lime 
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lime is usually called an earthy though it 
has a pungent taste^ and is very perceptibly so- 
luble in water^ and some sorts lately discovered 
in very coosiderAble jiropof ti^n : so also is 
Gypsum, which is also in some degree soluble 
in water^ and even contains a saline principle : 
perhaps^ in strictness^ there is no earth which is 
not in some degree solul^le. However^ since a 
line must be drawn between salts waA earths^ I 
think it should begin where solution is scarcely 
perceptible ; salts terminating, and earths, in 
strictness, commencing, where the weight of 
water requisite for the solution exceeds that of 
the sol vend lOCO times. But, not to depart too 
widely frmn the commonly received import of 
wonts that are in constent u%, substances that 
require 100 times their weight of water to dis- 
solve them, «nd have the other sensible appear* 
ances of earths, may be so styled in a loose and 
popular sense. 

Stones differ from earths principally in co- 
hesion and hardness, ^and therefore are mcluded 
under the same general name: yet diamond is 
also called a stone, though it probably contains 
no earth of any kind. 

Most earths are soluble in some acid or oll^, 
and many in all acids : the Prussian alkali can 
precipitate none ^ Atm fr^m these solutions : 
whereas, it precipitates all metallic substances 
from their acid solvents^.* This forms a dis^ 
tinct line of separation between earths and me- 
tallic substances. The exception, formerly 
made* in favour of barytic earth, is now found 
to have arisen from a mistake. 



i«^ 
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CHAP. I. 

OF SIMPLE EARTHS^ THEIR NUMBER^ AND 

CHARACTERS. 

Simple earths^ are those which are inca- 
pable of being converted or analyzed by any 
means hitherto known^ either into each other^ 
or into any other substance. 

Of these we have nine : the Calcareous, the 
Barytic, the Magnesian or Muriatic, the Ar^ 
gillaceous, the Siliceous, the Scottish or Stron^ 
thian, the Jargonic, the Sydneian, and the 
Adamantine. 

Of these^ the five first are by far the roost 
general^ most of the earths and stones hitherto 
examined bein^ resolvable into them. Next to 
these the Scottish isj I believe^ most common; 
though^ from its resemblance to the calcareous, 
it has probably been often overlooked. The 
three last have very rarely^ and the Sydneian 
indeed has only once^ been met with. 

White is the natural colour of all earths : 
the other colours which are found in them^ 
proceed from inflammable or metallic sub- 
stances. 

Of Calcareous Earth. 

Calcareous earthy in its commonest state^ is 
called limestone, or spar; but in this state it is 
tombined with a peculiar acid, expellible by 
heat, and by niost other acids in an aerial form, 
and hence called aerial acid, or fixed air, from 
its having existed in a fixed state before its ex- 
pulsion. Wben this acid is expelled, the earthy 

D 2 uncom-- 
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uncombined with any other substance^ is then 
called limey or common or calcareous lime, to 
distinguish it from other earths^ which also 
form limes when free from all combinations^ 
viz. the Barvtic and Scottish earths. 

Lime, simply so called, or caltareous or com- 
mon lime, when unmixed with any other sub- 
stance, is perfectly white, and, if in lumps, 
moderately hard and brittle, its specific gra- 
vity 2,3. 

It has a hot burning taste, corrodes animal, 
and even vegetable substances, in some de- 
gree. 

When in lumps, it heats and bursts by the af- 
fusion of water. 

In the temperature of 60** it requires between 
6 and 700 times its weight of water to dissolve 
it, but in a boiling heat about one-half less; 
but most of this excess falls as the water cools, 
so that the strongest lime-water contains no 
more than about one grain per ounce troy : it 
never crystallizes while pure. 

It is combinable with all acids, particularly 
with the nitrous and marine : 100 parts standard 
nitrous acid take up, when saturated, in the 
temperature of 60**, 38,68 of lime : and 100 
parts lime require for their solution 258,5 of 
standard nitrous acid ; 100 parts standard ma- 
rine acid are saturated by 95,49 of lime ; and 
100 parts lime require for their solution 104,73 
of standard marine acid in the temperature 
of 60\ 

These solutions are with difficulty brought 
to crystallize ; the vitriolic acid snatches the 
lime from both of them, and with it forms se- 
lenite or gypsum ; which, if the solution fae 
saturated, and not very dilute, precipitates, or 

may 
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may be made to do so^ by eyaporation^ or the 
addition of spirit of wine. 

Nitrous selenite^ heated to redness^ easily 
parts ^ith its acid^ particularly in open vessels; 
but marine selenite obstinately retains it in the 
same circumstances. Both selenites have a, 
bitter taste. 

Pure lime, except placed on clay, is infusible 
not only by the greatest heat of our furnaces, 
but also by that of the focus of a burning glass, 
or the still greater given out by the action of 
pure air on burning charcoal, as Mr. Lavoisier 
has shewn. 

There are three fluxes usually applied to 
procure the fusion of earths, namely, fixed 
alkalis (generally the marine), borax, and mi- 
crocosmic salt ; of these borax is most appro- 
* priated to calcareous earth, and next to bo- 
rax, microcosmic salt ; they fuse lime with- 
out effervescence ; and mild calx (so I call 
lime united with fixed air) with some effer- 
vescence; but alkalis barely divide and dis- 
perse it. 

According to Mr. Lavoisier, 1000 parts lime 
are capable of absorbing (when fixed air is not 
admitted), and of retaming, in a heat of 600^ 
Fahr. 228 parts of water, that is, between one- 
fourth and one-third of its weight ; and mild 
calcareous earth, such as powdered chalk in its 
usual state of dryness, can absorb about one- 
half of its weight of water, without letting 
any drop out of it ; but if exposed to the open 
air, it will soon dry, and give it out. 
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SarytiCy or Ponderous Earth. 

This 6artb^ when free hom all combiiiati^Oj 
(a state in which nature never presa&ts it)^ 
forms also a lime with many of the properties 
of coniinoa lime^ but diifers from it by many 
others. It is soluble in water ; but^ in the 
temperature of GO""^ it requires^ accoTjding to 
Ber^an^ 900 times its weight of that soWent 
to hold it in solution. 

This lime is soluble in the nitrous and marme 
acids, though much more difficultly than comr 
raoR lime ; but with these acids it crystallizes^ 
and the crystals are not deliquescent as those af- 
forded by common lime are. 

These solutions are precipitated by the vir 
triolie acid as those of common lime ; but the 
selenite^ of which common lime is the basis^ v^ 
soluble in about 450 or 500 times its weight of 
water ; whereas that wbich ha» bary tic lime for 
its basis is insoluble in less than 40^000 times its 
weight of water. 

If bary tic lime-watef be added to a solution 
of tartar vitriolate^ or Glauber's salt^ it seizes 
the acid of these salts^ and forms a precipitate; 
it also precipitaites the 9olutions of nitrated and 
muriated stronthtan. 

The usual flujses affect it as they do calca 
feous earth. 

Magnesia y or Muriatic Earth. 

Various clays^ stones^ and salts^ particularly 
Epsom salt^ contain this earth; but uncom- 
binedj or combined simply with fixed air un- 
mixed^ it scarcely ever occurs; when pure^ 

It 
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it is perfectly white : its specific gravity is 
about %3. 

It requires about 7900 times its weight of 
water^ to dissolve it ia the temperature of 60*. 

It is oonbiMble with all acids ; with the 
nitrous and marine it fof ms salts that difficultly 
erystalliae^ and are deliquescent. If to 4 aa-* 
turate solution of thf^se salts the vittVioHc acid 
he added^ tfaiough it takes the magnesia^ from 
the above-naned acids^ yet it forpis no preci- 
pitate^ as it does when it seizes the calcareous^ 
harytic^ or Scottish earths^ in the same circum* 
stances. The salt^ formed of the vitriolie acid^ 
and magnesia^ is s(lso very soluble in water ; 
whereas the salts^ fbffmed of this acid and th6 
preceding earths^ are very difficultly soluble; 
the former is bitter^ the latter are insipid^ or 
nearly «o. 

Magnesia^ in its pure siate^ is loot as easily 
dissolved as when combined with filled air ; 
100 parts of it requije for their solution I94i 
of the vitriolic standard acid^ 286 :of the ni- 
trous, and 215,8 of the marine. - > 

And 100 parts of the vitriolic standa^;d nciil 
take up 51,54 of pure magnesia ; 100 parts o€ 
the nitrous acid 34,96 ; and 100 parts' of tb4 
marine 46,34. 

This earth, exposed to the strongest lieat, 
will neither burn to lime nor melt : it i$ fu«ed 
liy the same fluxes as lime and mi)d calx^ . and 
with the same appearances. i q 

In its usual state of dryness mild mfLg^podia \» 
.capable of taking up Irv times Mf "^eighft of 
water without letting put any drop ; butj if ex- 
posed to th^ open air, it suffers it to evapo- 
rate^ though more slowly than calcareous earth 
does. 

B 4 Earth 
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Efirth of Alum, or Argill. 

This earth forms the basis of common alum^ 
and iience is by many called aluminous earth ; 
it is also the true clayey part of common clay ; 
and hence^ to distinguish it from the other he- 
terogeneous parts^ it is called argill. 

It is seldom found nearly pure, and never 
absolutely so ; the purest is extricated from 
alum by precipitation, vith the caustic volatile 
alkali; it is very white, smooth, and unctuous ; 
its specific gravity^ when thoroughly dry, and 
free from fixed air, is 2>00; it is very diffusible, 
but not more soluble in water than pure mag- 
nesia. 

It is combinable with most acids, but (ex- 
cept in the act of precipitation) with great dif- 
ficulty ; with the vitriolic it forms alum ; with 
the nitrous and muriatic it difficultly cpystal- 
Kzes. 

- When heated it hardens and diminishes in 
bulk, but it is infusible in the strongest heat of 
our furnaces : the heat, however, given out by 
pure air. appears to affect it, and dispos6 it to 
fusion, more, than it does any of the before-men- 
tioned earths. 

M'icro'cosmic salt seems the flux best suited 
to argill ; -it dissolves it with considerable effer- 
t«6Cence.' ^Borax is nearly as potverful, and 
produces less effervescence ; but alkalis act 
nearly Its on tile jireceding earths. 

Even in the moist way, caustic alkalis are ca- 
pable of acting on argill. 

* In its usu'al stale of dryness it is capable o£ 
absorbing 2| times its weight of water without 
suffering any to drop out, and retains it, when 

expose d 
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exposed to the open air^ more obstinately than 
the foregoing earths: h«wever/ia a freezing 
cold^ clay contracts more than any other earthy 
and^ in contracting^ squeezes out its water^ and. 
thws parts with more of it in that circumstance 
than other earths do; a fact of some importance 
in agrieultQre^ as well as mineralogy. 

' Siliceous Earth. 

Tin's earth is generally found in a stony state^ 
it abounds in flinty and is thence called siliceous; 
but it is still purer in mountain crystal^ and in 
quartz : the purest is perfectly white or colour* 
less ; its specific gravity is 2,66, 

In its usual state of concretion it appears in- 
soluble in water ; but^ in that state of division' 
in which it exists^ when precipitated from its 
solution in fixed alkalis^ it is perfectly soluble 
in 1000 parts of water. 

In general it combines with no acid^ except 
that extracted from the stones called fluors^ a 
variety of which is generally known under the 
appellation of Derbyshire spar; but^ in the 
moment of precipitation from its solution in 
fixed alkalis/ many eminent chemists think it 
capable of uniting with most acids*; at leasts 
it is certain that an alkaline solution of silex^ 
much diluted with water^ may be saturated and 
super-saturated with an acid without any preci- 
pitation ; and this is one of the surest characters 
of this earth. 

By the experiments of Mr. Lavoisier, it ap- 

* Mr. Dolomiea, 40 Roz. 379> thinks it is in its usual 9tailbR 
united to inflammable air^ but freed from that air when united 
to alkalis> and in that case combinable with acids, in separating 
from which it again retakes this air from water. 

pears 
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pears that the stron^t heat ttaet caa be applied^ 
rmmeiy, that excited bj pure air^ 19 iacapable 
of meitir^ it. The slight degree of emoUescenea 
thai some others have observed^ Hiost probably 
proceeds firom some flight mtxtutd with soma 
other earth « 

Fixed alkalis^ whether Yegotable or niaeraii. 
are the true solvents of siliceous earth in the dry 
way: one part mineral alkali will flux two of 
siliceous earth with effervescence. Borax also 
fuses tbcm^ but much more slowly^ and with- 
out efTervescence. Microcosmic salt is still less 
effectual. 

Caustic fixed alkalis attack siliceous earths 
also in the moist way, when very minutely di- 
Tided^ and take up nearly one-sixth of their 
weight. 

Siliceous sand is capable of absorbing about 
one-fourth of its weight of water without letting 
any drop from it ; butj, on exposure to the open 
air^ it suffers it to evaporate much more readily 
than any of the foregoing earths do in the same 
circumstances. 

Of the characterizing Power of the foregoing 

Earths. 

Having set forth the distinctive characters of 
the f^egoing earths^ singly taken, we are now 
to reiaaf k the different powers they possess, of 
impressing or communicatiiig their respective 
characters, when mixed or combined with each 
oilier^ to the compound of which they form a 
part. 

]. Cakareous eanhs fee) dry^ meagre, aad 
harsh, when in a loose or semi-indurated state ; 
4ind this property they communicate to other, 
earths in the same state, when they constitute 

at 
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ft t leMt 4& w 50 jMT €Mt. ii<0tW vfMt0. Vfhe» 
19 a sUmj state tbej are neiFeu bard enough to 
strike five with steei ; and they impress tbis 
pt epef ty ep eomp^uods to a stony stete^ in which 
they antef ift the proportion of 3Q per cent. 

9. Barytic earthy when not the prineipal i»- 
ffredient in a compound^ has scarcely occurredl 
in any considerable proportion. Its high spe- 
cific gravity it undenbtedty eommunieates^ but 
the pofous structure of the compound may be 
such as to conceal it. 

3. Magnesia feels smooth ; in a stony state it 
dever occurs single^ but it impresses a charac- 
ter of smoothness and unctuosity on all com- 
pounds in which it has not the opposite charac- 
ters of calcareous earth to encounter^ and into 
which it enters in the proportion of 18 to W per 
cent. It also gives a greenish cast to stones^ and 
a bias towards a fibrous^ striated^ or slaty 
structure^ and some lustre^ particularly of the 
silky kind. 

4. Argill is also soft^ smooth^ and uncftiiouier 
to the feel ; it strongly absorbs water^ and har- 
dens when heated. In loose or semf-indlirated 
mixtures, it imparts these propertied to calcare- 
ous earths only when it exceeds them in quan- 
tity. With magnesia it can have no stf Uggfe ; 
but^ on siliceous earths^ it impresses its cha- 
racters in some degree^ even when it amounts 
to 13 or 14 per cent, of the whole. In stony 
compounds, if it exceeds 20 per cent, afid if 
mixed with magnesia^ it gives a bias to a slaty 
or lamella structure. Iil the propwliofi 0f ^ 
or 30 per cent, it generally diminish^^ and 
when in a greater proportion, extinguishes the 
character of siliceous earth : to thiid observation 
there are very few exceptions. 

5. Siliceous earths^ in a stony or satldy totih, 

are 
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are remarkable for lieir liardness^ traxi^arency^ 
and lustre ; but their power of communicating 
these properties is hiferior to the powers of com- 
munication possessed by the foregoing earths. 
When silex is exceedingly comminuted^ as it is 
after the precipitation from alkalis^ it is light 
and spungj. 

Scottish, or Strontkian Earth. 

This is a new earthy first noticed as sucb^ as 
far as I can find, .by Dr. Crawford, who sent 
me a specimen of it in the year 1790. I have 
since subjected it to various experiments lately 
read to the Royal Irish Academy, an account 
of which may be found in their Transactions ; 
from tills paper I select the following, particu- 
lars : 

1. It has hitherto been found only in a mild 
state, united to fixed air : of this species I shall 
hereafter give a description. 

2. Like common limestone, it lo^es its air in a 
strongheat, and then forms a lime. 

3. This lime is much more soluble in common 
water than that afforded by common limestones, 
and is also specifically heavier. 

4. This lime, like, the barytic, decomposes 
tartar vitriolate : but the selenite it forms is it- 
self decomposed by barytic lime. 

5. It decomposes the solutions of common 
gypsum, and of nitrated or muriated calx. 

6. Vitriolic acid dropped into this lime-water 
immediately forms a visible precipitate, which 
it does not m common lime-water. 

7. This lime-water has also the singular pro- 
perty of affording, when saturated, compressed 
rhomboidal crystals, which are nothing else but 
pure lime. 

9. Its 
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8i"its solution J in the nitrous or marine acids^ 
may be rendeved so saturate as not to discolour 
litmus; tvhereas thesohitionsof barytes in those 
acids haye always aneiicess of acid. 

Jargofiic Earthly or Jargonia, 

This earth hath been discovered by Mr. 
Klaproth ; it has as yet been found only in the 
stone called Jargon, or Circon, of Ceylon, of 
which more hereafter. 

This earth resembles argill more than any 
other earthy though it differs essentially from it 
in some respects. Its colour is white^ and its 
^ecific gravity probably exceeds 4^000. 

1 . It IS incapable of uniting to fixed air ; at 
least, when precipitated from acids by mild 
alkalis, it takes up none. 

2. It is soluble in dilute vitriolic acid ( as also 
in the nitrous and marine) ; and with a slight 
excess of this acid it forms, in a moderate heat, 
by spontaneous evaporation, stelUform crystals 
of ah astringent taste, easily soluble in water. 
Its solutions, like those of argill, are precipi- 
table by caustic volatile alkali, as well as by the 
fixed. 

3. It is also soluble in the concentrated, ace- 
tous acid ; this solution will not crystallize ; 
but, if it be evaporated to dryness, the saline 
powder thus had will not attract the moisture 
of the air, as acetous alum does ; neither does 
the acetous acid act so powerfully on argill, as 
on this earth. 

4. It is insoluble in a boiling solution of cau- 
Stic fixed alkali, in which ar^I is perfectly sq- 
luble. 



* 3 Berl. Bcobacbt 147. 

5. It 
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6. It it ioAitiblv^ uMt oalj by fixed 
kut alto by oueroeDsmie a^lt^ liowfaicb aifgill 
jieMs. Boras howeiner melts it^ but "withent 
any effervesoeace^ in which respect abo it differs 
from argiil. 

Hence it it plain Mr. iUaproth n justified in 
reckoning this a new earthy of which it were 
wished we were acquainted with many more of 
the properties. 

Sydneia, or Sidney Earth^. 

For the discovery of tibia singular substance^ 
we afe indebted to that celebrated phftlotopbic 
artist^ Mr. Wedgewood. 

This earth is contained in a compound mine . 
ral imported from Sidney Cove^ in Soiiith Wales^ 
consisting of fine white ^mmA, soHie col^irleis 
mica^ a few black particles resembling black 
lead^ and a 'white earth which appeal^ to be 
argillaceous^ with which the new earth appears 
-tol^e milled^ and from which it is extracted by 
the marine acid. It was^ found to possess the 
following properties : its colour is white. 

1. It is fusible in a heat of 150 of Wedge 
wood^ which no other simple earth is. 

8. It is soluble immediately and directly in no 
other acid but the marine^ at least not in the 
nitrouv or vitriolic . 

S. The marme acid^ to dissolve it^ must not 
only be in large proportion, and concentrated^ 
but also Matra above 140^ Fahr. 

4. From this solution this earth is not preci*^ 
pitable by the Prussian alkali; but it is by 
common alfc:alis> vrhich instantly render its so-, 
lution milky. 

« Vim. Tuaa. J790, .3«6« 

This 
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toliitioB ifl aln ym cipit ahlB by affkuioii 
of pure water in the soHillflst quantity if satu-- 
rate ; tmt, if tiwaiuvatad^ it may bear a con- 
^4eraMe aiidJHion #f tli«t 4uid without preeipi- 
tation. 

The addition of spirit of nitre to a saturate 
solution occasions no precipitation ; and^ if the 
quantity of nitrous acid added exceeds^ or 
equals^ that of the saturate solution^ it will 
protect it from precipitation hv water. 

Neither does the addition of the concentrated 
Titriolic acid precipitate the saturated splutiop^ 
hut it has a stronj^er affinity to this earth thxm 
the marine has ; ror if the quantity of yitri<)lic 
acid added be nearly equal to that of the i9olu- 
tion^ heat and efTervescence will arise^ the liquor 
will become turbid^ and the marine acid wiQ be 
expelled in white fumes : the mixture then 
heated to boiling becomes transparent^ and con- 
tinues so ; this vitriolic solution is also precipi- 
table by water like the marine. 

5. Tlie marine solution does not crystallize, 
but becomes butyraceous and deliquescent. 
The butyraceous mass is pale yellow, and not 
corrosive ; it parts with its acid in a strong 
heat. 

Adamantine Earth, 

Of this substance, which was lately discovered 
by thatexcellent analyst, Mr. Klaproth^ ipf* stone 
called adamantine, or diamond spar, very little 
is as yet known. In decomposing this spar he 
found an earth which constituted about onc- 
fourCh of its weight, which was inwluhW ipaqids, 
and infusihla by alkalis ; by ^19 l«^t fwofw-tf it 
di€eiit ^MB ?aitkocoits. Mid Vw the formtfr frma 
all other earths ; he does not howerer positively 

assert 
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usei^t tbftt it 18 not some unknown compound of 
Other earths. 2 Berl. Beobacht. 297"^. Its 
existence is also suspected in some other stones^ 
as will be seen in the sequel. Its ^cific gra- 
vity probably exceeds 3,000. 

Calces of Iron. 

To these simple earths we must also annex 
the consideration of calces of iron^ as they al- 
most always accompany earthy or stony sub- 
stances^ are mixed or combined with them^ and 
are the source of many both of their external 
appearances and internal properties. 

Calces of iron are formed of iron combined 
with different proportions of pure air^ and fre- 
quently of water also^ and fixed air. ^ 

One hundred parts metallic iron are capable 
of taking up 66 or 70 of pure air. When 100 
parts iron contain but 40 of this air^ the com- 
pound is still magnetic. 



CHAP. II, 

OF THE FORMATION OF STONY SUBSTANCES. 

The slighest acquaintance with the stony 
substances that come under our inspection^ is 
sufficient to convince us they were once in a soft 

* Mr. De la Metberie^ in the 2d vol. of his new edition of 
Mongez'ft Manuel de Minh'ahgiste, says, Mr. Klaproth found 
this earth soluble in the vitiiclic and acetooa acids; bot thisia 
plainly an ovessight. 

or 
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or liquid state. Many of them have the ap- 
pearance of having been crystallized^ like salts^ 
in separating from their solvent whatever that 
may have been ; and these crystals discover all 
the variations to which saline crystals are liable. 
Many of them inclose organized substances 
which they could not have admitted but when 
in a soft or liquid state ; many of them appear 
to have been formed round mineral substances^ 
as these^ having received their shape and form 
from the operations of art^ could never have in- 
troduced themselves into them. The bare 
mention of these circumstances is sufficient^ as 
this point has^ I believe^ never been disputed. 
The only difficulty that at present occurs is^ to 
ascertain the nature of that fluid which was ca- 
pable of holding in solution or suspension that 
immense mass of solid substances of which the 
globe of the earth consists. On this head I 
shall only remark^ that with regard to stony 
substances that are placed deeper than one mile 
beneath the level of the sea^ vi^e have no reason 
to affirm they were ever in a soft state^ as we 
are perfectly unacquainted with them; and^ with 
respect to those that are nearer to^ or on the 
surface of^ the earthy we may^ for the present^ 
suppose that fluid to have been in most cases 
mere water^ in some circumstances aided by sa- 
line substances^ and^ in comparatively much 
fewer cases^ aided by volcanic fires. The pro- 
bability^ that fire has been the universal agent 
of this solution^ we shall afterwards examine 
in a distinct dissertation. 

Supposing then the simple earths^ and ferru*" 
ginous and bituminous substances^ already men- 
tioned^ reduced to that degree of division which 
solution requires^ to exist in that mass of waters 

VOL. I. c which 
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which now constitutes our oceans^ seas^ Ukes, 
and TiYelrs, this mass^ considerable as we see it, 
is nevertheless evidently insufficient to hold 
them in solution: they will therefore soon unite, 
and those soonest which have most affinity to 
each other, and least to the fluid in which they 
are suspended. Hence some will he crystnU 
liied^ and some will be formed by simple dc{)o^ 
sition, as we see clay deposited by water. 

Hence stony substances, formed in the 
a^ineous fluid, owe their origin some to cryis- 
taliization^ some to deposition, and soite partly 
to the one partly to the other. 

Crystallization is that operation by which so- 
lids dissolved, or finely diffused in a fluid, 
coalesce by virtue of their mutual attracti<m, 
into masses of a determinate and angular shape: 
if this operation be accomplished in the most 
perfect and regular manner, the shape of the 
crystal will be determined by that of the first 
molecule formed, the subsequent additions 
being made to certain surfaces accordiii^ to cer- 
tain laws ; but^ if the operation be disturbed 
by any impediment^ certain surfaces will receive 
greater additions than others are allowed to re- 
ceive, and in that case either no determinate 
angnlar shape vrill ensue, or a shape very dif- 
-fnent from what nature seemed principally to 
have had m view will arise. 

Hence this operation is susceptible of various 
irtages and degrees of p^fecticm. 

As the additioos made to crystallized sur- 
faces are gradual and imiform,, these surfaces 
JULve generally a smooth and polished appear- 
ance ; however, the mixture of foreign sub- 
stances, that are capable of impeding the ope- 
ration. 
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ration^ dwumsh this lustre in proportion to 
their ioAuence. 

Crystallized substances are also yery fre« 
quently transparent ; and these that are na- 
turally so would always be so^ were they not 
disturbed in the course of the operaUoo ; but 
soiue afe naturally opaque. 

The greatest impediuient tocrystaili«atioa» is 
want of liberty of the dissolved particles to m* 
range themselves according to the laws t^f the 
attraction of the different surfaces; this re- 
straint «my arise either from agitation^ which 
disturbs the direction of their spontaneous at- 
traction, or fron their being forced into contact 
with each other in a fluid in which they are too 
nmcfa crowded, or by the introduction of fo^- 
reign substances, which prevent their mutual 
contact. 

Some substmices are more apt to be disturbed 
by the introduction of foreign substances than 
others ; thus we see calcareous spars crystal- 
lized in a regular form, though mixed with a 
coostderable proportion of silex> in the calca-* 
fetus sand-^stones of Fontainbleau. 

The .'first step in the process of civilization is 
the fomaticii of grains ; the second is the in- 
crease in one dimension ; the third in two di- 
mensions, and the fourth in three dimensions ; 
the grains themselves however, to be visible, 
must receive accretions in the three dimensi(ms. 
If the process be uninterrupted, no traces of 
distinction will be perceived, and the whole will 
appear perfectly uniform ; but, if it be dis<- 
turbied in the first step, no crystallisoatiim can 
take plaoe : if in tiie second, the grains will ap- 
pear djatmct, small or gross, coarse or fine, ac-^ 
cording to the nature of the disturbance, whe- 

c 2 ther 
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ther by the interrufvtion of the process^ or the 
accession of foreign matter ; this latter gene- 
rally produces coarse or rude grains in propor- 
tion to the quantity. 

If the disturbance only takes place in the 
third stage^ we shall have fibres or strise^ as 
complete surfaces cannot be formed; the strise^ 
having more extension in breadth than the fibres 
or filaments^ argue a smaller degree of dis- 
turbance than the mere fibrous appearance. 

If during the third stage, the striae be forced 
into contact, by the gradual dereliction of the 
fluid that kept them suspended, they will form 
lamellae in proportion as they are deserted, 
which will either adhere to each other, and then 
fall confusedly, being too heavy to be supported 
by the menstruum, or, if supported, will be 
superimposed on each other. 

But if the process of crystallization be dis- 
turbed only in the fourth stage, then the form 
aqd shape only of the crystals will be more or 
less altered. 

All these steps are noticed and described 
by chemical writers ; and particularly by the 
celebrated Rouelle, in the Memoirs of the 
Academy of Paris, on the crystallization of 
salts. 

Deposition is an efiect that takes place when 
solids have little or no tendency to crystallize, 
are divided ever so minutely, and suspended in 
a fluid specifically lighter, and to which they 
have no affinity, or which is not sufficiently 
abundant to hold them in solution ; it takes 
place so much more slowly, as the particles sus« 
pended approach more to the specific gravity of 
the fluid, or are more minutely divided. 

Depo- 
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Deposition is either simultaneous or perio- 
dical ; in the former case vast unwieldy stony 
masses have been produced^ in the latter slaty 
masses. 

The fluid from which stony substances have 
been deposited appears to have contained a mix- 
ture of bitumen/ and most probably also of 
carbonaceous substances ; and hence some pro- 
portion of these is often found in stones formed 
by subsidence. 

In general, deposition must be a later opera-^ 
tion than crystallization ; but it must frequently 
have happened that both should take place at 
the same time^ from an unequal mixture of sub-* 
stances^ susceptible some of the one^ and some 
of the other ; and hence many stony masses owe 
their origin partly to the one^ and partly to the 
other. 



CHAP. Ill- 

OF THE DISTINCTIVE CHARACTERS^ AND SYS- 
TEMATIC ARRANGEMENT^ OF EARTHS AND 
STONES. 

The object of mineralogy^ at least in the 
sense in which that word is taken in this work^ 
being to point out the method of distinguishing 
the various substances of which it treats/ it is 
necessary at the outset to give a general idea of 
the means it employs^ to prove their suflSciency^ 
and remove every ambiguity and obscurity that 
may attend their application. On the most ge- 

c 3 neral 
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neral view of the subject^ it is plain these 
means can be no other than the properties of the 
substances themselves^ or at least such of them 
as are most obvious^ of most easy application^ 
and at the same time characteristic of the sub^ 
stances to which they belong ; we must there** 
fore examine what those properties are, 

The properties of substances^ as far as W6 
ean understand them^ are the relations which 
they bear to our senses^ and to other substancei 
on or from which they are capable of producing 
ot receiring some peculiar observable change, 
These last-named substances are called chemitat 
agents ; the properties which relate to our senses 
are called the externaly and those that tielate 
to chemical agents the internaly characters of 
bodies. 

In the Treatise I formerly compiled on this 
s^^ject, I considered the internal properties of 
minerals as the only that were sufficiently char 
racteristic of the substances to which they be 
longed. A more mature consideration has uur 
deceived me. I perceived that names having 
been given to different mineral substances^ somer 
times by reason of their externa} properties^ 
sometimes by reason of their internal^ and the 
business of the mineralogist being to distinguish 
the subjects to which those different names have 
been given^ from each other^ he must in some 
cases rely chiefly oh the external^ and in others 
chiefly on the internal^ characters ; but^ if any 
ambiguity remain^ the decision must rest witn 
these. 

Thus diamonds^ rubies^ emeralds^ and other 
prec ious stones^ received their names^ and were 
well distinguished from each other^ long before 
their internal properties were knowii> if even 

at 
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at present tbey can be said to be so : tbere must 
surely tben be some means of dUtinguishing 
them, and tbese means can be no other than 
their external properties : it were indeed a me- 
lancholy circumstance to a jeweller, if there 
w«re no other certain way of distinguidbing 
diamonds than their inieraal properties ; for, 
the only one of that kind with which we are at 
present acquainted^ is their destructibility by 
heat : he should therefore destroy the stone be* 
fan he could know it« 

What I have said of precious stones^ may be 
understood of far the greater number of stony 
substances ; either they have not been analyzed, 
or the analyses given of them present diffiirent 
results, and consequently are undecisive : yet, 
since they can be distinguished^ it is plain this 
distinction matf be made by external characters. 

It must be remarked, however, that, in dis- 
tinguishing earths and stones which have never 
been analyzed, or which, independently of any 
analysis, have received their denomination from 
mere external ch aracters, ambiguities frequently 
arise; and doubts may remain, which can be re* 
m^ved oiUy by the application of chemical tests 
or internal characters, not indeed analjrses, but 
other tests of more easy and speedy applica? 
tion.^ 

Again, many minerals have received their de- 
nominations merely from internal properties, 
auch as limestones and marls^ &c. Tne only 
certain tests of these are chemical agents, 
though external characters may afford a high 
denee of probability. 

The over-zealous disciples of Mr. Werner 
contend for the sufiiciency of external charac- 
ters, in all cases, with respect to stones that 

c 4 have 
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havebeen already analyzed. It were an ea^j,- 
if not an invidious^ task to refute them^ from 
the mistakes into which the most eminent of 
them have fallen, through too great reliance oa^ 
these characters ; but, in justice to Mr. Wer- 
ner, I must say, that he recommends the aid of 
easy chemical tests^ and has in some cases hap* 
pily applied them. 

it has been objected to external characters, 
by myself and many others, that they are not 
of a fixed and permanent nature, nor appropri-* 
ated purely and singly to any particular species, 
but common to many, and incapable at least as. 
to their gradations, of a definition sufficiently 
precise. The first part of this objection is cer-. 
tainiy true, if applied only to one or two of 
those characters; but, if they be taken in their 
totality, it will very rarely happen that they 
suit any mineral but one, and in such cases 
chemical tests may decide; yet even this assist* 
ance may be sometimes unsuccessful, as in na* 
ture many species border upon, and pass into/ 
each other, and thus deny sufficient grounds of 
distinction. As to the difficulty arising from 
the vague definitions of those characters^ this 
has been in great measure removed by Mr. 
Werner^ and I have endeavoured to render 
them still more precise. 

The necessity of applying these characters, 
and employing them in that strict and determi- 
nate sense which Mr. Werner has affixed to 
them^ must be obvious to every reader of mi- 
ner alogical writings. Who does not lament in 
seeing most of these ( those only of the Werne- 
rian school excepted ) rendered useless by the 
defective and imperfect descriptions of the mi- 
nerals of which they treat i Through the ne- 
glect 



glectof adeqiifttede8cripti<niS) the samenamehas 
been imperceptibly applied to minerals widely 
different from ea<eh other ; and^ conversely^ mi- 
nerals of the same species have been distin- 
guished by ditferent appellations. 

I^noMT proceed to a brief enumeration and ex- 
plicatimi of the external characters given by 
jVIr. Werner *, or at least of such of them as 
I think necessary^ with the few improvements I 
think I have made in their descriptions : these 
consist in denoting the degrees of intensity of 
some particular- qualities by figures. 

External Characttrs. 

* 

These are, colour^ shape, lustre, transpa- 
rency, texture, cohesion, density, adhesio t to 
the tongue or fingers and general^ee/, colour 
of a streak, absorption or diffusion in water^ 
smell, and taste ; to which Mr. Werner adds 
the various refrigerating powers of bodies^ but 
these I mostly omit as too vague. 

Internal Characters. 

Relation to acids^ chains operated in low 
heats ; fusibility and other changes in higher 
degrees o^ heat^ phosphorescence^ magnetism^ 
electricity, and, lastly, the results of a just 
analysis. 

Colours* 

Of these I shall name only the most simple^ 
and those whose denominations require some 
ex[f1anation. 

* There are terms of which I could never learn the precise 
meanifig, particularly the word Derhi. 

White, 
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— Milk idiito— «coBtams a slight mix- 
ture of blue. 

Qr-^ff^^^ mixture of white and black, in which 

however the white predominates. 

Lead grey— ^ey with a slight mixture of 
azure blue. 

Pearl grey-^pale grey with a slight mixture 
of TioLet blue. 

^moke grey^ — dark grey with a slight mixture 
of blue and brown^ as'in flints. 

Steel grey-«Hiearly the same^ but with a more 
metallic aspect. 

Black. 

Blue, — Indigo blue^the deepest, nearly 
black. 

Azure blue— somewhat lighter. 

Smalt blue — ^paler than the foregoing. 

Lavender blue— blue with a mixture of grey, 
and a shade of r$d. 
. Violet blue— reddish blue. 

Celestial blue — ^pale blue with a slight shade 
of green. 

Green — results from a mixture of yellow and 
blue. ^ 

Terdigris grec n^ - t hat in which no shade of 
yellow is perceptible^ rather bhiish. 
, CeladoD greenr-^bluish green with a shade ef 

grey. 

Mountain green — ^pale greyish green. 

Emerald green — ^pure green. • 

Meadow green— lively green, in which how- 
ever the yellow predominates. 

Apple green— green verging to white. 

Leek green— dark green with a mixture of 
brown. 

Pistachio greeA^m^adow green with a mix- 
ture of brown. 

Sparrow 
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Sparrow grasi greens-pale jellowisk green 
witn a mixture of grey and brown. 

OlWe green— pale yellowish green with a 
strong mixture oi brown. 

Canaty green-*^ale yellowish green without 
any mixture of brown. 

yeltoto^-Hresults from a mixture of orange 
and green. 

Sulphur yellow — ^pale greenish yellow. 

Lemon or gold yellow'-^he purest. 

Honey yellow — ^yellow with a mixture of 
reddish brown. 

Wax yellow— darker than the foregoing. 

Copper yellow-***pale metallic with a shade 
of red. 

Brass yellow— pale metallic with a shade of 
green. 

Straw yellow^-^well known. 

Wine yellow— pale reddidit and somewhat 
brownish. 

Oebre yellow— eomewhat dark with a shade 
of brown. 

Isabellayellow — ^brownish yellow with a shade 
of brownish red. 

Orange yellow — ^reddish yellow. 

Red. — Aurora red— high red with a shade of 
yellow. 

Hyacinth red — ^high red with a shade of 
hrown. 

Brick red — ^well known. 

Scarlet red — ^well known. 

Copper red--HSietalUe with a shade of yelb w. 

Carmine red— the purest. 

Blood red-— darker, wdil known. 

Cochineal red—higii ted with a mixtare.of 

bluish grey. 

Crimson 
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^ Grj^on — high red with. a. shade of bkie. 

Flesh red — pale red of the crimson kind. 

Rqs« red — pale red of the cochiDeal kind. 

Peach flower red — pale whitish, red. . 

Mordore — dark red of the crimson kind^ 
mixed with brown. 

Brownish red— blood red mixed with brown. 

Brown — results from a mixture of red^ blacky 
and yellow. 

Reddish brown — ^brown verging to blood- 
red. 

Clove brown — dark brown with a scarcely 
perceptible shade of crimson. 

Yellowish brown — pale brown with a shade 
of ochre yellow. 

Tombac brown — ^metallic yellowish brown. 

Liver brown — greyish brown. 

In examining the colours of fossils the inter- 
nal is chiefly to be regarded^ as the external is 
often stained or tarnished^ and the surface fre** 
qu^itly of a difierent' nature from decomposi- 
tion or milcture with a foreign mineral. 

Shape. 

The shape of fossils is either indeterminate, 
particular, or regular. 

Indeterminate y or amorphous^ is that which 
can be compared with no other. 

Particular Shapes. 

Dentiform, shorty. soni^ hat crooked^ cones. 

Filiform. 

Capillary 4till finer. t 

Interwoven, or. reticular •- 

Dendritic, or arborescent. 

Coram- 
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Corallifornij or forked and crooked *. 
Stalactitic, cones issuing from a, common 
stem. 

Tubuliformj slender cylinders adjoining each 
other. 



• I • 



Ramified, 

Sotrjjoidah like grapes. 

Kidneyform, or reniform, round elevations 
bearing other small elevations. 

Bulbous, presi^nting rounded elevations witli 
some depressions. 

Depressed, an elevation beat in in the mid- 
dle f.. 

Specular, presenting a flat polished surface 
like a mirror. 

Cellular, presenting cells formed of laminse 
crossing each other. 

Perforated, traversed with round holes. 

Corroded. 

Determinate, 

Under this head are comprehended the vari^if^ 
ous forms of crystallitEed substances^ resulting 
from the assemblage of a determinate dumber 
of sides 

The varieties of form which crystallized 
bodies present I shall not attempt to enumerate^ 
and so much the less^ as I think their detail of 
very little use. Those who wish for more infor- 
mation on this head^ may consult Rome de lasle^ 
Mr. Werner, and an excellent Dissertation by 
Mr. Wideman^ in the 4th volume of the Berlin 
Observations. 

A surface on which very minute crystals 
abound^ is called drusy, 

*■■■!■ ■ I 11 ■» ■ I , 111 II 11 II ■ !■ I I ■ I H I II I — .^— — 

* Zakig,. t Gestossen. 

Lustre. 
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Lu$tre. 

Lustre is the gloss> and often brightness^ 
which fossils discover^ sometimes on tSeir ex- 
ternal surface^ l>ut more frequently on their 
internal surface^ when fresh or broken. Of 
this lustre Mr. Werner distingtiishes various 
sorts ; the metallic^ the pearly, the waxy, that 
of grease, the glassy, and the common. When 
no particular sort is mentioned, it is understood 
to be of the common kind. 

There are also different degrees of lustre, 
which I denote by figures. 

1 . denotes the strongest, and is perceived at 
a certain distance^ such as that of diamonds 
and polished metals. 

3. denotes a weaker, such as that of crystals 
or metals not much polished ^ . 

3. denotes a still weaker, as that of srlk, or 
still less glossy f . 

1 . when only a few particles reflect any lustre, 
«r it is exceedfl^ weak. 

2^ dull, reflecting no lustre at aJJ. 

When lisstre is meidioned stnply, without 
specifying which, the tn/erna/ is understood. 

Tranapa»^ncy. 

Of this Mr, Werner distinguishes several 
degrees^ which I note by figures. 

4. denotes that degree which allows objects 
to be clearly distinguished^. 

3. that which suffers objects to be perceived^ 
but not distinctly §. - 



* Sebrjj^zende of Werner, and glanzende. 

t Wenig gbiueode. t Durdirf(%« 

1 Hal) duxchsigtK. 

2. That 
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2. that which transmits liffht^ but does not' 
permit objects to be discernei *. 

1. that which transmits light only at the 
edges. 

0. denote perfect opacity. 

When a fossil possesses these qualities in y&ri- 
ous degrees^ I place the figure denoting the 
most usual degree firsts and the least common 
degrees follow in their order. 

Texture, or Fracture. 

The texture of a fossil is discovered by break* 
iitg it; and hence Mr. Werner commoDly ealls 
it the ^ac^ure; though this afpellatien be net 
the most just^ yet^ as it is now in constant use, 
and well understood, I shall also empfey it in 
the same senae. Mr. Wem» no where men-* 
tions in what direction this fracture should be 
made ; but I think it may be collected that it 
should be made in the direction in which it may 
CMmt easily be effeeted^ and most commonly the 
cross fracture is to be understood : the natural 
seams or jointa of the sAone are to be avoided. 

The form of the ii^mal surface of a foasil^ 
whteh its fracture pvesenis to us^ results from 
that of the minute particles that coaoipose it, 
and are called the groin of the stone ^r fossil ; 
these may be so minute and close as scarcely tm 
be disttngUiBfaedj or more opoi and distinct : 
according to the direction asd mode of union 
of these particles the fracture is distinguished 
into compactj ^rousy ^riaiedy faUatedy and 
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Of the Compact Fracture*. 

The compact fracture is that in which the 
minute particles of a fossil are either uniformly 
arranged^ or at least have no particular deter- 
mmate direction nor inequalities^ but those aris- 
ing from, the mere act of breaking it: of this 
fracture there are six sorts^ the uneveUy even, 
conchoidal, splintery, earthy, and hackly. 

The uneven takes place when great inequa- 
lities prevail in the direction of the line of 
fracture. 

The eroen is that which presents flat surfaces 
with scarcely any prominent parts. 

The conchoidaly otherwise called testaceous, 
presents round elevations and depressions like 
shells . the perfect is single^ and the elevations 
are often wrinkled ; the imperfect is flatter^ or 
the elevations and depressions are more minute 
and more numerous. 

The splintery discovers scales arising from 
splits or fissures parallel to the line of fracture^ 
which are thicker at the end at which they still 
adhere than at the end at which they are sepa- 
rate ; and consequently are opaque at the thick^ 
but somewhat transparent at the other end^ 
else their separation would scarcely be per^ 
ceived : these splinters are either coarse ovjine, 
sometimes so minute as to be scarcely discerni- 
ble. From the size of these splinters^ minerals 
are denominated coarse or fine grained. 

* Much obscurity prevails in this part of Mr. Werner's trcff- 
tise, which be has of latse I understand much improved ; and 
hence I may have mistaken his meaning in some instances, mon 
especially as I cannot procure the original (which I lost), and am 
obliged to ase the French translation. I aUo add somewhat 
from Mr. Kanten. 

The 
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TKe earthy fracture is that "vrbkfa pf teenli 
•mall rough prooiiiiences^ as .dry clay : it is 
however distinguished into coarse and fine. 
It is commonly destitute of lustre and trans- 
parency. 

The hackUj presents sharp points, easily per- 
ceived in feeling it. 

Of the Fibrous Practure. 

This presents either lines or threads^ som^ so 
fine as to be scarcely perceptible^ and- some 
grosser or coarser « These are straight or curved, 
parallel or diverging, or stellated, that is^ di- 
verging like the rays of a star from one Com- 
mon center^ or bundled together^ or interlaced. 

Of the Striated Fracture, 

The striated fracture consists of long narrow 
separable parts^ laid on or beside each other ; 
they have proportionably more length than 
breadth^ and are thicker at one end than at the 
other ; however they frequently differ in breadth^ 
and hence they are divided iuXo fine, or nar- 
row, or broad. Their direction is also either 
straight or curved, parallel or diverging, or 
stellated, or bundled, or interlaced. 

Of the Foliated Fracture. 

This discovers plates nearly as broad as long*^ 
with polished shining surfaces^ and commonly 
even specular; some have large^ some exceeding 
minute faceites, some straight, some curved, 
some undulating or wavi/, some parallel, some 
diverging : when small and irregularly placed^ 
they are often called scales. Minerals that 
consist of grains^ and are at the same time 

VOL. f . » foliated^ 
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MiMted^ BM€ cMtA grnnnlarlg folUUed. Wheo 
the lamelUi abound in craekB^ I call that frac-- 
tutethe shattered foliated. 

Of the Slaty Fracture, 

I'his Mif. Werner has not explained. It 
seems to differ from the foliated in this^ that 
the lamins are larger^ thicker^ and have not a 
polished^ or ki teaist ii6t a sp^cular^ surface. 
• The iQi|>er£ectly slaty is often called shistose. 

We may tlB6 distinguish the thick, thin or 
.fine slaty^ and aho the curved and undulating. 

Shape and Sharpness of the Fragments. 

When a fossil is broken into fri^ments^ the 
shape of these is most frequently indeterminate, 
but sometimes cubical, rhomboidal, or pyra- 
midal, or trapetoidal, although these forms 
are often disguised: also the long splintery, 
the broad splintery, and the tabular which 
iftonsists of plates that grow thimfer and sharp 
at the extremities^ are observable. 

When^ itt the sequel, the form of the frag* 
meiits is not mentioned, it is to be understood 
that it H Mkterminate. 

The sharpness of the fragments must also be 
noticed ; 4> denotes the sharpest, as those of 
glass ; 3, sharp, but in a lesser degree ; % 
rather sharp ; 1^ rather blunt ; 0> perfectly 
blunt. 

Distinct Concretions. 

These ate discovered by their distinct and se- 
patltt^ position in the internal structure of a 
Itfilferlilj ot by the interventioa of a delicate 

rift 
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rift or fiasure ; tbej are of three wotUj the 
gtanutar^ lantellarj and columnar ^ 

The granular have nearly an equal breadth 
and thickness^ and appear rather rounded t 
they are either groBSs coarse^ MiaU, Jlne, 
Angular, Ae. 

The lamellar are those whose length and 
breadth are considerable in reject to their 
thickness \ they are thick or thin^ spherically 
convex^ Ac. 

The columnar are those whose length nuich 
exceeds their breadth and thickaeas^ which are 
dearly equal. 

Cohesion . 

tJader this head> the firmness^ hardnessj and 
impenetrability of minerals are noted t those 
that strongly resist fracture ace firm i those 
that a MeW shiven ioto many pieces are called 
brittUK 

Of hardness Mr. Werner distinguishes piaay 
degrees : l"* he calls those minerals hard that 
give fire with steely and among these he distin<* 
guishes those that yield to thefile^ as the white 
copper ore> biematites^ &c* ; those that yield 
but slightly^ as flints^ crystal^ calcedenyj dbc< ; 
those that do not yield at all, as diamo^sf, 
rubies^ emeralds r 

2^ he denominates thdde half hard that d* 
not give fire with steely and are difficultly scrape^ 
by a knife^ as fluors> zeolytes^ calcareous spars^ 
basalts^ &c» 

tfi^ be calls tender or soft> those that m^ 
easily be scraped by a knife^ but not by 'tfie 
nail^ as baroselenite^ mi^ai serpentines^ &c. 

4^ he calls very soft or tender, those that 

nS may 
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miity be scraped by the nail;, as steatites^ gypsum^ 
talc, &c. 

I distinguish the various degrees of hardness 
by figures. 

3. denotes the hardness of chalk. 

4. a superior hardness, but yet what yields to 
the nail. 

5. that vrhich will not yield to the nail^ but 
easily and without grittiness to the knife. 

6. that which yields more difficultly to the 
knife. 

7. that which scarcely yields to the knife. 

8. that which cannot be scraped by a knife^ 
but does not givd fire with steel. 

9. that which gives a few feeble sparks with 
steel, as basalt. 

10. that which gives plentiful lively sparks^ 
as flint. 

; The superior degrees are discovered by ob- 
serving the order in which stones cut each other. 
Under this head also, flexibility and elasticitjf 
maybe noticed. 

Density. 

This is found by taking the specific gravity 
of 9^ones, &c. in distilled water at the tempera- 
ture of from h^ to 64<* Fahr. 

As the temperature of 62°^ the true tem- 
perature* for taking specific gravities, does not 
always prevail, the specific gravity of a solid 
being found at any other temperature between 
feo and 75° Fahr. may be found by the follow- 
logr table, such as it would be if examined 
mheu both it and the water were at &i^. 
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50 

53,6 

55 

57 

59 

60,5 

62 

64 

66 

68 

69 

70 

71 

72 

73 

74 
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Then as the specific gra- 
vity of water at 62^ is to its 
specific gravity at 7i degrees 
between 45° and 75© inclu- 
sively : :, so is the specific gra- 
vity of any soVid found at n 
degrees to that which it would 
be found to possess at 62^. 

Again^ as distilled water 
cannot always be procured^ 
it is proper to know what the 
specific gravity found in com- 
mon or pump water would 
amount to/if instead of pump 
water distilled water had been 
used. This may be discovered 
in the following manner: sup- 
posing you have some parti- 
cular solid, whose loss of 
weight in distilled water of 
the temperature of 62^ is 
known, but if the temperature 62o does not then 
prevail, first find what the loss of weight of 
the solid would be in distilled water of the 
given temperature by the annexed table, and 
this analogy. 

As the specific gravity of distilled water at 
62** is to its specific gravity at n degrees, so is tlie 
loss which a solid suffers in it at 62o to the loss 
which it suffers in it at n degrees. By this 
means you find the loss that particular solid 
would suffer at n degrees; the given tempera- 
ture, in distilled water; this solid therefore 
should make a part of the mineralogical bu^ 
pellex. 

Then knowing the loss of this solid in dis- 
tilled water at the given tempertiture, and also 

d3 its 
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its loss 'in pvmp vfhXer at the same ^egfee^ a«4i 
dividing the latter by the former^ yon have th^ 
specific gravity pf the- pump water at the iMime 
degree, 

Sdly, Tb6 specific gravity of pump or otfaef 
water being thu^ bad^ you may find what spe- 
cific ^rayity the solids under examination would 
have in distilled water in the same temperature 
as that of the pump w^ter in which their speci- 
fic gravity is supposed to have been already ob- 
tained ; by this analogy^ as the specific gri^vity 
of distilled water at toe given temperature is to 
that of pump water at the ^ame temperature^ so 
is the loss of the solid examined in pump water to 
the loss it would experience in distilled water i 
then dividing the weight in air by this lops^ the 
specific gravity it would have had in distilled 
water at this temperature is obtained : after 
which the specific gravity it would haye at 69"^ 
is found by the first analogy. 

Mr/ Brisson has deterroiiij^d with mpcfa ac- 
curacy the specific gravity of a grf»t variety of 
minerals^ but unfortpnatjely be was ill informed 
jl^f the true denomination of many of those subr 
itances^ and neglected describing them, which 
renders his work in many cases of little use« 
He tells us an his preface^ that he took then at 
)4^of {leaumur^ but does not say whether he 
^mployibd the true thermometer of Reaumur, 
or that improved by himself. I spppose^ how- 
eVei^, he meant the latter^ as it is employed in 
the meteorological observati<ms of Paris since 
ihe year 1761 ; in that case his 14^ answer very 
nearly to 61^ Fahr. In the following work the 
specific gravitiesof many minerals are given that 
were never before examined^ as well as of a 
great number that had been examined, but not 
in all their varieties. 

Mr. 



Mr. Werner, tbeiigb be reconMieBd« an ae^ 
curate detervuiMlieB when it can be e^timA^ 
dWidei in general all minerals into 1^ Huper- 
natanu tbat n, that float oa water. S^ light, 
Tiz. tbose wbose iipecific grai^ity extends frpm 
I^ to 2^000. 9^ not Temarkably heavy, whos« 

rcific gravity extends from S.OOO tp 4,000. 
heavy, whose niecific gravity extends from 
4t, to 6,000 ; and 5^ very heavy, whose specific 
gravity exceeds 6,000. This gross determina- 
ticm may be learned by long experience of weigh- 
ingthem in the hand. 

The most convenient instrument for taking 
specific gravities is that invented by Mr. Nichol- 
son, of which a description may be seen in 
vol. ii. of the Memoirs of Manchester, or Mr. 
Magellan's improved edition pf Cronstedt. 

When the specific gravity of any sUme is 
much inferior to that of the species to which it 
otherwise seems to belong, it were proper to 
reduce it to powder, and take its spcipific gra- 
vity in that state also. 

Adhesion to the tongue and Jingers, Colour 
of a streak. Diffusion in "water, are easily un- 
derstood. 

As to the Feel, we may distinguish those that 
are rough, smooth, or greasy. 

The Smell may be sulphureous, bituminous, 
urinous, or earthy. 

The Taste astringent, saline, &c. 

As to the Refrigerating power, that is^ of 
impressing a sensation of cold when felt^ though 
in general it is too vague to deserve notice, yet 
in some particular instances it may be useful to 
observe, that in the same temperature precious 
stones feel colder than the artificial or false 

Sims^ or other stones of the siliceous class ; and 
ese, than stones pf the axgiljaceoue vf cajca- 

n 4 reous : 



reouB ; andmarbie; than' alabasters or gypsums ; 
and traps or basal tis^ than serp^itms^ . 

Of the internal Properties of MinerMsi 

9 

Of this sort are 1° their magnetic and electric 
properties. 

2^ Their relation to acids. Their solubility 
therein, either partial or (otal, when entire or 
in powder, with or without heat, effervescence, 
change of colour^ gelatination, &c. 

3®. nieir relation to fire j' ^nd 1°^ in low 
heats, their decrepit.ation, discolouration^ in- 
duration^ loss of weight, phosphorescence, &c. j 
2o, in liigji heats, the calcination, infusibility 
or fusibility, ^t different degrees measured by 
Mr. Wedgwoqd's Pyrometer, an instrument of 
indispensabl^e utility inmineralogical researches; 
its scale cpmmences at the heat at whicb iron is 
visibly red ^n the day time, that is, at about 
1077 Fabr. ind extends to 170° of his scale^ and 
perhaps farther : each degree of Wedgwood is 
equal to J30 Fahr. above 1077. An idea of the 

heats it ipca^ures may be had by the following 
table ' . / ' •^ ^ 

Brass melts at 21<» 

Swedish copper 27 

Fine 3ilver 28 

Fine gold .... , : 32 

Least welding heat of iron 90 

Greatest of ditto 95 

Greatest of a common smith's forge 125 
Heat of copper and brass founderies 140 

Cast iron melts 130 

Heat of iron founderies ' 150 

Greatest heat of a good wind furnace 160 
By the belp of a large bellows, loaded with 

1301b. weight, I raised in my forge a heat of 

J68° in less than half an hour. 

Of 
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Of fuMihUiti/, there are Various degrees ap- 
proaching more or less to vitrification. 
■ The first or lowest degree is emollescencey or 
that degjree of softness which alters the shape of 
the body ; or^ if the substance be in powder^ 
produces agglutination. Opaque bodies by this 
heat become often slightly transparent at the 
edges. 

The second degree is the porcelain state. In 
this some points are vitrified^ but the greater 
number are not^ and consequently the grain can 
be distinctly perceived ; this also has its degrees. 
Some porcelains are destitute of lustre^ and 
some have a slight glaring; on these last the 
fire has- had a greater effect. Some porcelains 
are porous^ and some compact. 

The third is that in which the granular ap- 
pearance is destroyed^ but no transparency in- 
duced. Bodies in this state^ if they are metal- 
lic and compact^ are called slaggs^ if porous 
scoria y if they have a vitreous gloss^ enamels. 

The 4th is that in which the substances ac- 
quire a semitransparency. And 

The 5th^ that in which they become com- 
pletely transparent. Both enamels and vitrifiea^ 
tions are sometimes compact^ sometimes porous. 
Some substances are incapable of becoming 
either transparent or semitransparent. 

The most commodious furnace for examining 
the effect of high heats on minerals is a forge 
furnished with a large bellows^ loaded if ne- 
cessary. The length of time which wind ftfr* 
naces require to produce their full effect^ is the 
cause that the substances frequently melt by 
being long in contact with the clay of the cru- 
cibles^ whereas a forge may be brought to its 
full heat in less than an hour; and after the 
first experiment^ which heats the hf arthi ia less 

than 
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Umih hfAt «a hour ; «a4 does not gkre tiiM to 
the minerals under exavmati^ii to act on the 
erueibleflj a« i have learned from repeated ex- 
perience. Swaiifea coal I find the best. I call 
those bodies 

Very ea$ilff fuBiU^ that melt at between 30^ 
and 40» of Wedgwood ; and 

EcLsily fusible those that melt between 100* 
and \W>. 

Moderately fuHUe when they melt between 
18&» and 13&». 

Difficultly fu$ihle when they require a heat of 
frMti IS^ to l¥P. 

Very difficulty fuMiUe when a heat from 
150^ to 165» is necessary for their fusiM. 

If platina crucibles be uMd iJiey should be 
coated. 

Mweral aikali> horax^ and macrocosmk salt^ 
depriTcd of the water of crystaUisation/arethe 
fliiMS generally used. I apldom use any* 

The heat of the blow-pipe rarely extends to 
186^ and neiwr exceeds 130^ of Wedgwood. 

The last of the intemal characters of mineral 
bodies 10 determined by the products or rather 
aduets of their analysis^ of which I shall treat 
more amply in the seqneL 



CttAP. IV. 

AH lOlA OP TUE CMSSIFICATIOn OF JBARTHS 

On die most general tiow of an iadiscrinii^ 
ante heop of earthe imd stones^ we may readily 
porccsre thatiiome hayo an hfmtQgeneow aspects 

of tho porto of whscb tiboir Toliwie oonsists 

bearing 
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ferently aoe from the other. 

Othen on the c^ntrar j visibly involve two #r 
more heteregeneoua substeace^^ either adherinr 
to^ or iahering one in the other : these are call^ 
aggregatcM. 

Lastly^ others seem to participate of the nt^ 
ture of two ( or perhaps more ) heterogeneous 
fossils^ without however any visible separati4>a 
of one fron the other : these I eall 4lerivative8. 

Thus we have three primary divisioiis of 
earths or stoses, 

Id r^uciog each of these into minuter divi^ 
sions, we natmrally begin with the homogeneous 
as the most simple. 

The ela^ificaiion of earths and stones con* 
. sists in their arrangement in a certain order re«- 
latively to each other. 

Order J when not arbitrary^ necessarily sup^ 
poses both distinction and resemblance. With^ 
out distinction all the bodies to be arranged 
would be equally entitled to the same place in 
the series. Without resemUamce no reason 
could be assigned whj' a body should oocMpy 
•ne particular place rather than another pkkce, 
there being no relation to connect it with the 
preceding. 

Hence it follows^ that tiM>se bodies which re<> 
semble each other most^ should be ^onped to^ 
gether; and^ consequently^ that ttieresbouU 
be as many heads of general division as there 
are general ^rounds of resemblanoe. 

If it be ashed whence tiiis resenblanoe sheiild 
be taken; whether from the external or uterafJ 
characters ? I answer^ it should be taken from 
both^ ii being die resuU of the joint ^Msidera- 
tion of both. 

Now 
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Now upon examining the totdlUp of homoge* 
neous earths and stones^ it will he found that 
those resemble eiach other most that contain the 
largest proportion of the same simple earthy 
f)r most of the characterizing properties of the 
same simple earth ; and^ as there are nin^ sim-- 
plie earths, it follows that there must he nine 
genera, or primary divisions of homogeneous 
earths and stones. 

'In the same manner, under each head or genus j 
we may conside!r those substances as specifically 
different that resemble each other least, or that 
differ in some important property relatively to 
human uses ; for systems being fabricated to 
help the memory, by pointing out the most im- 
portant distinctions, and none being more so 
than those that are applicable * to human uses, 
should never lose sight of their primary end and 
designation. I am well aware that some very 
^eminent mineralogists would wish to reserve 
distinctions relative to practical utility, for a 
branch of mineralogical knowledge, which they 
intitle (Economical Mineralogy ; and when 
these distinctions are not of considerable im- 
portance, and would introduce confusion, I 
think they may be reserved for a sepairate work 
of that nature; but when they do not clash 
with other natural divisions, I would not hesi- 
tate to place them in the same rank ; and in ef- 
fect these same mineralogists allow potters earth, 
fullers earth, tripoli, &c. a place in what they 
esteem the natural system. 

Hence l^. The generic earths, combined with 
an acid, are specifically different from thos^ 
that are not. 

' 2^, The same generic earthy combined with 
different acids^ forms different species. 

3«. The 
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3^. The same g&aerie earth, comhined with ^ 
notable proportion of one or more of the other 
earths^ fornos a different apecies from the same 
generic earthy either unconibined or combined 
with a less important proportion of other earths. 
I call a proportion notable or important when 
it introduces a considerable alteration in the ex^ 
ternal or internal characters of the compouiid^ 
Thus such a proportion as induces a consider- 
able change in the specific gravity, or in the 
fusibility of any substance, is notable or im- 
portant; so in the calcareous genus such a pro- 
portion of foreign earth,, or earths as would 
prevent it from buming to lime, is certainly of 
importance^ and the distinction grounded in 
nature : so proportions that alter the fusibility 
qf substances, with respect to the degree at 
which they are fusible, are certainly notable, 
and a gooa foundation for specific distinctions. 

But varieties of proportion, or even of ingre- 
dients, that produce no notable change, either 
in the internal or external properties of a com- 
pound, make no alteration in the species ; tod 
in fact there are scarcely any earths or stones 
that have, strictly speaking, the same propor- 
tion of ingredients. Traps or basalts, and zeo- 
lytes, vary considerably. 

A^, Any earth which forms less than one- 
twentieth of a compound is almost always of 
little importance. 

b^. Water forms an important part of any 
compound when it exceeds one-twenty-flfth of 
the whole. 

6^. Calces of iron influence in some measure 
the properties of a compound when they exceed 
one-thirty-third of the whole. If they are them-^ 
selves magnetic, they communicate that pro- 
perty 
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j^j to coflip<miidi of wliieh they fom ahort 
ottmtentfa. 

Speei€€ we further divisible from Mme par-» 
tieular points of agreemeDt into families^ or 
classes and families ; sometimes it is necessary 
to form distinctions where specific characters 
afe not decided ; in which case I distribute the 
classes into tribes and families^ as will be seen 
in the sequel. The minuter diversifications are 
called vMritties. The term specimen correponds 
that of individual in the animal kingdom. 



CHAP. V. 

tXpnailtBHTS OM THK FUftlBLE AND INrVSIlLE 
taOPOftTIONS OF SiHPLfi BARTUft. 

As the fusibility of simple earths when 
mixed together in certain proportions^ while 
those earths singly taken are infusible^ forms 
one of the most surprising phaenomena in natu^* 
ral philosophy^ and one of the most important 
grounds of specific distinction annrng earths and 
stones in mioetfalogy, I have taken the pains of 
aacertainiog^ with more accuracy than has al« 
ready been practised^ the proportions and de^ 
gfoes of heat at which it takes place ( many of 
which had never before been tried), and alio 
the fusibility of mixtures in which an earth is 
introduced ttiat never before had been essayed. 
These enerimeats are «lso productive of tw9 
caaital advantages ; 1. They lead to the knoW'* 
ledge of the composition of some mineralfs, of 
whMe analysis we are as yet ignorant ; and, 

2dly, 
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8dl]r^ they serve Its a test of the analysis already 
made ; for it is plain^ that analyses that assign 
1^ ftuible ptofottifm "of ingredients to an infu^ 
nible stone or earth, or an infusibU proportion 
to one that is fusible^ must he erroneous. 

To promote these purposes as far as possible, 
it is necessary to introduce and set forth not 
only my own experiments^ but all those of 
my predecessors in this enquiry^ in which the 
proportions were ascertained with due aceuraey, 
and die ingredients sufficiently pure. The ex- 
periments of Kenkel> who first remarked this 
phenomenon, Ao not appear. Mr. Pott made 
numerous and important experiments with com*- 
pound stones and earths, but searcelr any on 
asixturesof the simple earths. M. D'Arcet and 
Macquer also scarcely ever employed any but 
compound substances. Mr. Achara seems only 
to have undertaken precisely the same task as 1 
have ; however, many of his experiments are liable 
to objections, which I shall presently mention. 

Mr. Lavoisier has also examined, with the 
most scrupulous accuracy, the fusibility of 
most minerals in the heat excited in burning 
charcoal by pure air, instead of Common at- 
mospheric air, and also the fusibility of a few 
mixtures of some of the simple earths : this heat 
is so powerful as to prevent all difference in the 
dkgrees of fusibility from being perceived: 
in so much, that> from the fusibility experi^^ 
enced in this mode of applying heat, it does 
not at all follow tibat the same substances or 
pfnportions would be fused in the highest beat 
of our furnaces. But we may weirdraw this 
SMgative conclusion, that substances or proper'* 
tions^ which do not melt in the beat excited by 
pore air, are certainly infusible in the heat of 
our fiirnaces. 

The 
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The experimeilts of Mr. Acfaard are made od 
mixtures in various proportions of calcareous^ 
muriatic^ argillaceous^ and siliceous earths, 
taken two and two^ three and tfaree^ and in 
some cases four and four. 

To obtain the calcareous earth uncontami- 
nated with any other^ be dissolved chalk in the 
marine acid^ distilled the solution to dryness, 
kept the residuum in red heat under a muffle 
for two hoursj by which means the marine acid 
was expelled from every earth contained in the 
chalky except the calcareous ; this^ by the af* 
fusion of water^ he redissolved^ and precipi- 
tated it by salt of tartar * ; hence we see it was- 
mild calcareous earth, and. not lime, that he 
used in his experiments. Magnesia he procure«l 
from a purified solution of Epsom salt ; and 
argill from a purified solution of alum, both byi 
precipitation with a fixed alkali ; the earth of 
alum^ however^ obtained by this raeans^ always 
retains a portion of the alkali. 

To procure pure siliceous earthy he melted 
the white sand of Freyenwalde with four time» 
its weight of salt of tartar^ and formed a liquor 
silicuiUy which he precipitated by vitriolic acid ; 
the precipitate^ after edulcoration, he digested 
in marine acid, until nothing more was dis* 
solved ; the residuum was pure siliceous earth. 

The calx of iron he' obtained by solution ia 
nitrous acid^ and precipitation by a fixed al-- 
kali ; hence it was perfectly calcined. 

These earths^ mixed in the different propor* 
tions that will presently be mentioned, he ex-^ ' 
posed to the strongest heat of the royal porce* 
lain furnace in Berlin, and left them in it as * 
long as was necessary tq bake the porcelain f . 

* Mem. Beil. 1779. f Mem. Berl. I780|,64. 

What 
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What the heat of this furnace was cannot be 
directly ascertained^ but may be collected from 
various circumstances. P. Mr. D*Arcet assures 
us^ that the heat of a porcelain furnace exceeds 
even that produced in the focus of the best 
burning glasses : this^ however, is not credible. 
Mr. Wedgwood^ an irrefragable witness in 
matters of this nature^ tells us that coramon 
Chinese porcelain softens at 120^^ and sinks 
down at 156^ of his pyrometer. It must there* 
fore be baked in a much lower heat. Nankin 
indeed even resists this heat, but it seems the 
Only sort that does ; yet a good wind furnace 
affords a heat of at least 160^ much superior 
consequently to the highest porcelain heat. 
But> Sdly^ Mr. Klaproth informs us^ that the 
heat of the royal porcelain furnace of Berlin 
is capable of reducing manganese to a regulus^ 
and therefore it must be at the least equal to 
150^*, that being the heat necessary to melt 
down iron. Nevertheless, it may be doubted 
whether this furnace always produces this heat, 
as Mr. Achard assures us that he found a mix- 
ture of silex and calcareous earth infusible in 
all proportions f ; and yet I found a mixture ot 
equal parts of both nisible at 150^^ and so 
did Swab, 3 ]Vf em. Sued. p. 443 ; though pos-^ 
siblv his failure in this instance might hav^^pro* 
ceeded from bis having used mild calx^ whereas 
Swab and I have used lime, and this appears tp 
me most probable. 

But the great defect of this mode of essay*- 
ing the fusibility of earths, arises from the w^U 
grouifded suspicion that their fusion- is fre-* 
quently procured by their actiott'on the matter 



— **^ 



^ Cfaym. Ann. 1^89, 11. f Mem. Serl \790, 32, 
VOi. 1. fc of 
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of the crucible^ wbicli furnishes them both^ith 
the argill and the silex, and consequently forms 
a mixture very different from that -whose fusi* 
bility is intended to be explored. That the 
fusion of several earths and mixtures, essayed 
both by Mr. Achard and Mr. D'Arcet, arose 
from thiscause^ can scarcely be doubted. Mr. 
Achard found a mixture of two parts calcare^ 
oufi earths and one part magnesia vitrifiable *, 
ye\ Mr. Lavoisier, who tried their fusibility in 
a much higher heat, found them perfectly in^ 
fusible in every proportion f , and I found a 
mixture of those subsances, iu the proportiqn 
mentioned by Mr. Achard, to pass through the 
crucible. The length of time, during which 
they are exposed to heat, necessarily renders ' 
them liable to this accident, which is avoided 
by the brisk and sudden mode of heating them 
which takes place in a forge. Yet it most be 
allowed that action on the crucible can only 
take place where calx, or magnesia, or barytes^ 
are employed, either alone or with a small pro- 
portion of argill and silex ; and consequently 
the fusibility. observed by Mr. Achard in other 
^ases is above suspicion. 

In my experiments the lime was formed of 
the pur^t Carrara marble. The magnesia was 
Henry's calcined, whose purity I never had 
cause to suspect. The silex was pure transpa- 
jrent crystal, heated to redness, quenched in 
distilled water, and then reduced to impalpable 
powder in ^ glass mortar, which it did not cor- 
f ode. The barytes was the natural mild bary*; 
tes. Of the . calces of iron, I employed two 
9fijt%^ ; one thoroughly calcined by solution in 
g ' ■ ■ ■— — ^^— ^^ ■ ■ ■ y ■ II ■ ■ ■ ■ 11 ■ I — ^— 

f Mem. Paris 1/83, ^g5, and 5QQ. 

the 
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tbe nitrous acid^ and expulsion of the acid in a 
red heat; the other common rust, from -which 
much of its water and fixed air had been ex* 
pelled by heating ijt to redness. The heat was 
communicated in a forge^ and never lasted above 
three quarters of an hour^ and most commonly 
but twenty or twenty-*five minutes. The results 
and the degree of heat will be seen in the fol- 
lowing tables. To estimate thelieat^ I placed 
one of Mr. Wedgwood's pyrometers in a cru- 
cible nearly of the same size as that which 
contained the substances to be tried^ and set 
both at an equal distance fronr tfaenoszle of the 
bellows. 

To avoid prolixity^ I suppress Mr. Achard's 
experiments whent made on the same mixtures, 
and attended with the same results ; wh^n they 
are mentioned, they are marked [-4.] 



£ 2 TAB£8 
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TABLES 



OF THE FUSIBILITY OF TH& SIKPLE EARTlIfif 
MIXED IN VARIOUS PROPORTIONS^ IN HEATS 
NOT EXCEEOINa 166"* OF ^EbOWOOD. 



Calx andMAG9E8iA. 




56 parts cabc 
60 magnesia 



80 calx 
20 magnesia 
75 calx 
25 magnesia 
66 calx 
33 magnesia 

80 magnesia 
2a calx 

66 magnesia 
33 calx 

30 calx 
10 magnesia 



} 



1*. Of Bisatf Ptv>poiti< 



J 50* 



150 
160 



Calx and Basttbs. 



Calx and Axoill. 
S9 calx 7 

%2 argill 5 



165 

138 
156 




melted^ only where in contact 
with the crucible, into a grey, 
partly vitrified and partIyporce> 
I Iain mass. Per Lavoisier also 
they m<^lt in no proportion; 
and alsoBergm. 372. 

went through the cradble, 
went through the crucible. 

went through the crucible. 

did not melt but where in con- 
tact with the crticible, whick 
it slightly corroded and black-* 
eoed. 

( did not rodt but where it. 

( touched the crucible. 

C melted into a fine greenish yel- 

V lowgbus^bnttbecmdtde was 

( GoiToded thiDUf^out 



C infiisible in all proportions pei^ 
( Lavoisier. 



C infiisible even by the heat of 
(pure air. Ehtm. § 208» 



Qaux 



TUBl^ItlTV. 



63 



CAXKaadABOiLL. 



75 calx 

66 calx 
33 aigill^ 




Of Binary Proportioiu. 



66tama 
33 cdx 

75 argil! 
25 .calx 

dOatsiU 
20 caU 

50 calx 
50 ar^ 



} 

} 
} 

} 



Calx and Silex. 



50 calx 
50 silex 



I 



150 



50 calcareous spar 
50 quartz 

80 silex 
20 calx 
80 calx 
20 silex 



} 

} 
} 



156 
155 



i«»%Mi*«fc 



root melted, except where ia 
)cQDtact with the crucible it 
j formed a compact porcelain 
(brownish red mass. 

remained a powder. 

Hence the contrary results ob- 
tained by Achard seem to proceed 
jfrom tlie action of the mixtures 
on the silex of the crucible. Mr. 
Bergman also found calx and ar- 
gin infusible in all proportions. 
4 Berg. 337,andMacqaer. Mem. 
Paris, 1758, 356 in 8vo. 

r melt by pure air. £bmi.f208. 
•/infusible, per Acbaid, Mem. 

(Berl. 1780, 6X 

{melt by pure air, ibid ; infu- 
sible, per Achard, ilxd. 
''< melt by pure air, ibid; bfb- 
if sible, Achard, ibid. 
C infusible, Achard, loc. cit. and 
^ formed only a loose pow(ter in 
^ this ds in the former cases. 



! melted mto a mass between 
poroehinandaacnamel; white, 
glazed on the surfiice, semi- 
transparent at the edges, and 
^ve fire with steel, though 
teebly. Yet Mr. Achard Ibund 
them infusible in every propor* 
tion, perhaps because hb calx 
wasmild« 
C melted by pure air, Lavmier ; 
< but by continued heat, became 
( less fusible. 

not melted, formed a brittkmas^ 

( formed a yelk^ish white loose 
X powder. 



B 3 



Barttxs 



fi4 
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Heat 



Of Bvuffj Piopocucpi. 



n« 



fiA&YTBsand 
Magnesia. 



} 




Barttbs and 

A&GILL. 

80 argill 
20 barytes 
75 ar^ll 
25 barytes 
.06 argill 
33 b^tes 
50 argill 
SO barytes 
80 barytes 
20 argtU 
75 barytes 
25 argill 



Barytes and Silex. 
80 silex 
20 barytes 
75 silex 
20 barytes 
66 silex 
33 barytes 
50 silex 
.50 barytes 

80 barytes 
20 silex 

75 barytes 
•25 silex 

66 barytes 
33 silex 



Magnesia and 
AaoiLL. 



150 



do not melt in any proportion 
even by pure air. 



scarcely hardened. 

no sign effusion, a loose powder* 

as the tbrmer. 

15 the former. 

C somewhat harder, batnougn 
\ of fiision. 

rder, but no sign of fusion. 



formed a white brittle mass. 

S a britde hard mass semitians* 
\ parent at the edges. 
C melted into a hard somewhat 
\ porous porcelain mass. 

a hard mass not melted. 

f the edges were melted into a 
< pale greenish msss, between a 
(^ porcelain and an enamel. 

{melted into a somewhat porous 
porcelain mass, 
r melted into a yellowisli and 
^ partly greenish white porous 
( porcelain. 



r these were not tried by Mr. 
\ Achard : in my trials they had 
J no action on each other in 
J whatever proportion they were 
(^used. 



Magnesia 
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Magnesia and 

SiLBZ. 



50 magnesia 
60 silesK. 



} 



Heat. 



Of Bbary Propordoof. 



^' m 



melt with great dlfliculty even 
in the heat of pure air. Mem. 
Par. i;87, p. 598, into a white 
enamel ; but in inferior heats 
tliey are infusible in all pro- 
portions by die experiments of 
Achard^Mem. Berl. I78O, 33, 
and Margr. 177S, 4, and 1 
'Bcrgm, 372. 



Aaoill and Silbx. 
dO argill 
50 silex 



} 



Ibon highly calcined 

andCALCARBous 

Eajj^th. 



Iron fully calcined 
and Magnesia. 
^ J80 magnesia 
1 20 calx iron 

75 magnesia 
25 calx of iion 



1 
} 



^ f 66 magnesia 
(33 coUofin 



iron 5 



155 



f barely hardened, but no sign of 

|fusion« 

Mr. Lavoisier found a mixture 
of equal parts quartz and argill 
vitrifiable by pore air . But tlik 
experiment is suspicious, as the 
quartz he used was more fusible 
than pure crystal, and conse*- 
quently impure. In a porcelain 
heat Mr. Achard found them in- 
fusible in all proportions f and 
Beigm. 337, 




According to Mr. Achard's expe- 
riments, they melt at least into a 
porcelain mass, in every propor- 
tion, not exceeding 4 parts of the 
one to 1 of die others but Uiose 
mixtures, in whicli the calces of 
iron exceed the calcareous earth, 
are by far the most fusible. 



( infusible, Achard, Mem. Berl. 
^1779>53. 

f remained a brownish black 
/ powder. Mr. Acliard had die 
( same result. 

remained a brown mass. 



E 4 



Calx 



56 
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Calk of Iaoh and i ^^^ 
Maowbsia. 



C 10 magneftta 
( 50 calx of iron 
80 calx of iron 
20 magnesia 
75 calx of iron 
25 magnesia 
66 calx of iron 
33 magnesia 



Iron fully calcined and 
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bO baiyteg 
20 calx of iron 

75 barytes 
25 calx of iron 

66 barjrtes 
33 calx of iron 

75 calx of iron 
25 barytes 



66 calx of iron 
33 bar^'tes 



Iron fnlly calcined 

andAiGiLL. 

80 argill } 

20 cux of iron 5 



75 argill* 

25 cak of iron 

66 ar|ill 

33 cdx of iron 

50 argill 

50 calx of iron 



! 



155 

150 

150 
IS6 



150 



l60 
l60 

165 

16q 



Of Biniry Proportiom. 



OTM^ 



hardened^ but did not melt. 

C melted, and passed through the 
\ crucible. 

half melted, 
half melted. 



f melted into a partlv brownish 
< and partly reddisn ahining 

C melted into a black bright fb« 
^ liatcd substance, membling 
( bomeblende or an iron ore. 
C melted into a hard black com^ 
) pact mas^, partly of a metalltc 
^ and partly of a glanyappearanoe^ 
^ melted into a compact metalUo 
I «lagg. 

/melted into a brownish black 
I sl%g> rather compact j much 
1 of the baiytes seemed to have 
/ sublimed^ as the cover and up» 
J per part of the crucible re- 
f ceived a beautiful metallic 
\^ white glaze. 



f remained a powder. Mr. 

I Achard had the same result. 

C remained a powder .Mr. Achard 

^ found it somewliat nK>re in- 

( clined to melt. 

fa pale reddish powder. Mr. 

^ Achard found it more inclinefl 

( fo melt. 

f a yellowish-red powder. Mr. 

) Achard found it more inclined 

(^ to melt, and gcepak black. 

laoit 



Tvsmiirr. 



57 



And Aeoiix. 



Heat. 



•^O calx of iron 
UO argill 

75 calx of iron 
^5 aigiil 

^ calx of iron 
33 argill 



i 

5 



Iron fully calcined 
Jtnd SiLBx. 

C 20 calx of iron ^ 

^ i75 silcx 1 

< 25 calx of iron J 

- 566 silex ^ 

^ 433 calx of iron i 

i 50 calx of iron > 
^ S SO calx of iron ) 
^ < 20 silex i 

J -^75 calx of iron ) j 
^ < 25 sUcx > I 

^ 5 60 caU of iron ) 
^ I33 silejt 5 



KtrsTof laea and 

Limb. 

go lime ( 

10 ru9t i 

80 lime } 

20 rust S 



160 



125 

125 
150 



Of Biaarp Fropottions* 



Smelted bto an opake poxoqs 
\ Uack slagg. Mr. Achaid also 

< found a black porous mam 
i which pierced through tho 
(.crucible. 

^This experiment &iled with 

< me. Mr. Achard found a po* 
( rous melted mass. 

r this idso failed with me. Mr. 
1 Achard found a porous melted 
jioass; but the cruciUe was 
(much corroded. 



r seemingly melted black and 
) friable j yet I believe it waa 
j not melted, otherwise the next 
( mixtures must have been so. 

not melted^ black and friable, 
not melted^ black and friable. 

^ mdted hHp a pomas slagg Aat 
I pierced the crucible, 
imeked, and pierced through 
( the crucible. 

/'melted, and pierced through 
\ the crwable. Hence we see 
•/tliat the compounds of sUex 
J and cabc of iron, tn which the 
(^iroo e3(ceeds, acton argilL 



I a broad hard mass, began to 

\ act on tke crucible, 
a hard bro^n mass. 
|a liver-browu porcelain massi 



RtrsT 



SB 



wtnnniTf. 



RvsT of Ibon and 
Aboill. 

^O rust 




Heat. 



Of Binary Proportions 



^ formed a geeenish black loMe 
i powdeF. 



BvsT of laoKaad 

SlLSK. 

90 sQex 
10 rust 
80 silex 
20 rust - 
75 silex 
25 nist 
€6 nhx, 
33 rust 



A^GSLL and Metal- 
1,1c Iao2c« 

50 argUr 

50 metallic iroa 



< a yeUovish brown indurated 
(brittle mass. 

Snot melted> but formed a browa 
hard mass. 

a brown hardened powder. 

!a blackish brown indurated 
powder. 



r melted into a hard grejish black 
J mass i but other proportions^ 
A in which tlic argfll excceded^.I 
^fimnd infusible at IGO. 




1! 




A 



{ 



Ternary Fh^rtion»> the first in greatest quantity. 

ChL%, MkovEsih, and AsGiLL* 

parts calx 1 ^ 

argill >pon>ns porcelain masa. 

magnesia ) 

calx 1 

argill .> powder. 

magnesia } 

calx > 

argill > powder. 

magnesia 3 

cafx ^ 

argill > somewhat porous popcelaia. 

magnesia } 

calx 1 

aigill > powder. 

magnesia j 



Seals 



rscalx ") 

A<3 magnesia >powder. 

(.largill ) 

rscaix ) <; 

A J 2 magnesia > vitrified. 

OargiU ) 



MagnbsiAj Calx, and Aroill. 

4 

No compound, in which the magnesia exceeds the «ther two 
ingredients^ is fusible. 



AsoiLL, Calx^ and Maorbsia. 



3argill 1 



^ ^2 calx J. a porcelain. 



magnesia 3 

fSargiU 1 
A <2 magnesia >a porcelain. 

(.1 calx 3 

fSargill ) 
A <3 magnesia Vporous porcelain. 

( I calx 3 

rSargill 7 
A <S magnesiai Vpoious foxodain. 



fSargiU 1 
^ ^ 2 calx > porcdam. 

(2 magnesia 3 



Calx, M^GVBSiA«and Silex. 



3 calx 7 



A <3 silex ^ powder, 

1 1 magnesia 3 

(3 calx 7 

A < 1 silex > green glass. 

(^ 1 magnesia 3 

(3 calx 7 

A <2 silex > green glass. 

ii magnesia 3 ^.^^ 



€0 P08IBILITT. 

CScflk ) 
•^<3nkz >poroelam or enamel, 
t 2 ^nagnesia j 
3c9lx 7 

ia > 



)21DL 

I I8i 



magnesia Vpocoiu enamel. 
8Uex 3 

^ ^2 magnesia >poicelain4 



rscalx ) 

< timagnesia ^ 
(28ilex 3 



3 cak 1 ^ 



(3c 

<3n 

(181 



magnesia > between a porcelain and an **wpi^?, 
silex 3 

r3calx 1 

A JS magnesia Van enamel> textoie 

( 2 silex 3 

r2calx 1 
^ < 2 magnesia >powder. 

( J silex 3 

f 1 calx 1 
jf <^ 1 magneaa >gieeiu8h glass» 



f 1 calx 1 
^ 1 magneaa v 
(isUex 3 
r2calx 1 
^2 silex >opal< 

( i magnesia 3 



jS <2 silex > opalescent glass. 



A 



r2calx 1 

^ I silex > greenish glass*. 

( 1 magnesia 3 



Maohisia, CalXj and Silbx. 

No compound^ in which the magnesia predominates, melts ^ 
bat, when it barely equals either, it may fiurm a porcelain. 



SiLBS, Calx, and M^onbsia. 



\l 



3 silex *) 
• calx > powder, 

magnesia 3 



C 3 silex 1 

A <2 calx > porous porcelain. 

( 1 magnesia 3 

3 silex 
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i 2iaagiiesia > 
llcalx J 



jf ^ 2 magnesia >powder. 

ranlex 1 
'^ < 2 calx |>powder. 

[2m 



rssi 



magnesia J 



silex 1 

ia \ 



magnesia Vpowder. 
calx J 



ra silex i 
>f J 3 magnesia i harder powder. 

[2calx J 

psUex 1 

jf * 1 calx lenameL 

1 magneaa J 

'2si]^ 1 

^, 2 m a p iesia Ihardpowdqr^ 

[leak J 



Maomssia, Aroiix, and Silex. 

1 . No compounds, in which magnesia predominates^ will 
Titrify or form a porcelain. 

2. A compoaiMl> in which it equals each of the other two» 
will not farmcfcaa porcelain. Fcnr Achard. 



Aboii.l> Maowssi a^ and Sitax. 



(i 



Saigill 
4{ ^ silex ^porcelain, 

magnena 

3argill 
jf \ 1 silex ^powder« 

1 magnesia 

3«^ 1 

jl{ 2 sifex ^hardened aoiy. 

I magnefta 



Ai 



3aigiU 1 

3 sifex > poroelab. 



^.amagnesia j 

9 ar^ 



3 aigill ^ 1 

magnesia > hardened only. 

sUex ^ 

3ai^ 1 

2 sikx ? porous porcelam. 

2 magnesia J 

3 argill 1 
3 magnesia > powder. 

1 silcx J 

3 axgill 1 

ji i 3 magnesia > porcelain. 

2 silex J 
f 2 argiU I 

jf •{ 2 magnesia } hardened only. 

[ 1 silex J 



SiLExrMAGNBsiA^ and Abgill. 



fS silex I 

{laigUl }sU 

[^ 1 magnesia J 



ilightlyporoelain. 



'3 silcx T 

2 aipll r hardened only. 

.1 magnesia J 

fS silex "1 
ji<2 magnesia \ greenish glass. 

1 1 argiU J 

r 3 silex n hardened only : yet, qucrc j for after^-ards, 
^ J 2 argill > he aUows it to have melted to a porcelain. 

1^2 magnesia J See Berl. Mem. 1780, pp. 38« 39. 

r 3 silex '^ 
^^3 magnesia V» porcelain. 

II argiU J 

r2 silex "I 

^ <2 argill > nearly porcelain. 

\l magnesia J 

' 2 silex "^ 
^ J 1 argill V-porcelain. 

\^l magnesia J 



Calx, 



FiraiBtutT. 



<3 



Cajlz^ Abgilz.^ and Silax, 



f$ carlx 
^JsaipJl 
1^1 silex 

rs calx 

I 1 silex 
rscalx 

ti silex 
rscalx 

^ > 3 ai]^ 
1 2 silex 
rScalx 

^ J 2 silcx 
llargm 

rs calx 
^ I 2argiH 

L2Klex 

r3calx 
^ J 3 silex 

[largill 

p3adx 
ji ^ 3 silex 
I 2ai]gi]l 

r 2 calx 
^J^aiTgUl 
(^1 silex 

^2 calx 

^4 1 wgiU 
1 silex 

f 2 calx 
^ J 2 siltK 

Liargill 



1 



green glasfi. 



green ^ass. 



1 
i 

1 



fiiable mass. 



|)oroufi enamel. 



^gseenifib glass. 



between a potcelan and an enamd. 



gfieeoitb glass. 



greemshglass^ aeazlf whke. 



I hardened onlj. ^ • 

I greenish porcelaiti. 

' (greenish j)OicelaiQ. 



f3aigm 
ji^ Icalx 

1^.1 silex 

rs amll 
^J2cabc 

l^l^ilez 



AftoiLL^ Calx, and S^lbx. 



J 



v»ry hard only. 



friable mass. 



daigSl 
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^ ^ 3 silex > poiDOS poroelain, 

Llcabt J 

rsarciU -^ 
^ J 3 cau V^aemitno^nrentj half vitrified. 

(^2 silex J' 

fSaigiU ^ 
jf^Ssilex ^reddiAhpoxceltiQ. 

llcak J 

rsargill "1 
^ J 3 tUex > jeUiOW and semitnoisparent. 

L2oalx J 



fa argil 
< I silei 
Llcaix 

'^3«i 



-irgiU T 

silex >fiiable mass. 



argiU 1 

silex f fpteouh porcelain. 

calx j 



SiLBX, Aroill> and Calx. 

3 sOex ~] 

3 calx Vgraraish white glass. 

aigili j 

r 3 silex "^ 

t2calx J ^ 



{• 



rasilcx ^ 

^J 1 aivill V. greenish porcelaia. 
ll^ak J 

71 silex "^ at 145^ it barely hardened. 
24 amll ^ at 153 it formed a porous porcelain^ glaxed onlj 
5 cm. J at the sur&ce. 

5 calx r* *^^ ^ somewhat porous porcelam. 

23 amll 1 at 146 melted into a porous frothy enamel, semi* 
lOcak f transparent. 
Go silex ~^ 

30 aigill \ at 135 formed a frothy semitiansparent enamel. 
10 calx j 

67 «ilcx -^ 

38. amll i^at 135 formed a porous pgrcehun. 
5 caU I 54 silex, 



1 
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65 



54 silex 
36 araUl 
lOcalx 



at 135 a Imthf semkiaasiMaeat enameL 



M1SCBLLA.NB0US Experiments, 



40 argill 

25 silex 

20 aerated calx 

lj3 highly calcined iron 

46 argill 
agsiSx 

8 aerated calx 

6 highly calcined iron 

41 argill 

34 sUex 

20 rust of iron 



46^66 silex 
48^5 magnesia 
4,75 rust of iron 

43 silex 
22 magnesia 
34 rust of iron 

67 silex 
14 aiglU 
II barytes 
8 magnesia 

C5 silex 
32 ai^U 

2 calx of iron 
43 silex 
37 argill 
1,7 cah, 

A calx of iroo 



r 

barely coalesced at 144® into agrejc 
mass> glazed on the sarfaK:e. Same 
mixture, with the substitution of 13 
calx of iron, instead of 1,3, which is 
the hyadntk of Bergrnan, melted at 
144<» into a reddish porous sla^. 

/ Saxon topaz of Bergman, melted at 
> 144 into a greyish slightly porous 
1 porcelain mass. 

short of Wiegleb melted at 148 into 
aporooablack sl^g, with a stmng 
'metallic appearance. 

\dUto with highly cakined inm^ 
formed a greenish black pomus alagg, 
ill melted. 

r asbestos pfWiegleb, a reddish yellow, 
) somewhat indurated, powder, except 
j where it touched the crucible, which 
(^itcorrod^atUS. 
fthe actifwUte, or Strahl stein, of 
1 Wiegleb, melted into a grepsh black, 
j somewhat ponnis and fibrous, mass' 
\ perfectly opaque;,, at 143. 

^felspar, Yry my afialy&is, melted at 
1 48 into a white porous enamel. 



y^ 



^elspar of Wiegleb refused to melt 
even at 158, and barely hardened. 

i felspar of Saassure refiued to melt 
>at 140, formed a hard porous 
I mass. 
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2 calx 
41 silex 

>6calx f Aont^2ef»2e of Wiegleb melted 9k 

1 7^5 magnesia f 13^ kito a.|^tt«aiali ftla^k gbss. 

17>A calx of iron 3 
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Corollarim. 

Hence it; fbnaws^ l^ thai all binary comBioft* 
tion$. q{ ti^ fin^e e^iFtiiSi arc infusible^ and in 
every proportion^ under 166^, except two-: Ist^ 
calx B^ 9ifexi,, vx eq^ual parts^ and in a k«at 
not under 150o> 9oA Vk tb^ only into^ an eiia^ 
mel ;, aui4>, 241y> «^a? and barytes : these ap- 
jp^r to a«t on ea^h, otbej; i9 a heat not below 
1 50^^ where A» sjfl^tx i» tot the barytes n3b tfaNS 
pttopovtioB of 3 to hy or S to 1 ; or the barytes. 
b^tne silisx in the proportion of 4 to 3, or 2 to I, 
biit iicarK^ely wh£0^,tbey were in equal quantities. 

% With res|h9eb to* cakes of iron and the five 
WBple eartiis> we^may observe^ firsts that where 
the lime, exceeds the calx of iron even in the 
proportion of 9 to ty it is so far affected by ifc 
i|3 to bi9 coot«ei:te4 i^to a porcelain in a heafe of 
150^^ and ^ibejti iNetiis to act on the argilT or 
silex of the crucible. When the lime is m 1iie>' 
proportion of 4ito 3j or 3.' to I, the compound 
IS yet more fusible^ but stiU only into a pofce^ 
Fain: yet IVfr. Achard fomid it to crystailkc^. 
which, ar^uea a. &rt£er d^ree of fusion. 

But if the calces of iron^exceed the lime fti 
l%e proportion of 4^ to* 3y or 2 to 1^ thqcQm^ 
pounds are still more' fusiblq^ and pass thnnugh 
the crucible, which shews they have* a strong 
action on the argill or silex^ or both. 

2d]^\ With regard to harytes and coulees 
of iton, T found them to act on each other 

much 



fiiimtm. fit 

ttrtkir ttt646 p6vfiiTfix\\f thnik Umd! And cfalces of 
it&A : at Iw', tBWjr Acflt iii ct^ty propfortioa 
from 4 to r of either. Othet proportions hav6 
not beeii tried. 

Sdly. As <o magAisia arid ra/^'e« 0/ iron, ^ 
Mr. Adkard fonnd that^ "vrhere tbe magnesia 
exceeds the calx of irott^ they ha?e no action 
d» <Jacb others at least at IbU^, nor eveii w6en 
they are in equal quantities: Irat^ wh«U thd 
calcies of iron cxeeieNl. the magncfsia 4s 4 to 1^ 
they melt perfectly; when only sis 3 to ly they 
melt less perfectly; and when as 2 to 1> still less 
perfectly. 

4thly. With respect to argill and eatees of 
iron, in my own experiments* nfhen the argili 
exceeded the calces of iron^ I obseryed no ten^^ 
dency to fusion eyen in heats from 160^ to 166^^ 
nor even when they were in eq^uaf proportions ;* 
but. wlien the calces of iron exceeded the argiU 
in the proportion of 4 to By or 2 to 1^ the com^- 
pound Was^ fusibte appafrentfy in tti6 same pro- 
portion^ that is^ most when 4*^to 1^ &c. ; when 1 
usedrust^ i. e. semicalcined iron> the compound 
was neenish. The heats from 156^ to 160^. 

Sthfy . As to sit ex arid calces ofiroii, it appears, 
fhatthey afre infusible wfi^eur the rifexeiKceed^f bui 
if the calces exceed^ the compound! wilt be Itfsfbl6. 

Of Ternary Gambinatiom. 

€MXy MagHesktf md AfgHif at 150"^. 

). 9f4$» coMfii^ufid 6f these, iri^ii^hieh ttUffk^ 
sia predominates^ will melt in any degree jtf 
a heat below 166°. 

2< No compoiMi)i of fflMs^ft^ iri ^hich calx pre« 
domwtfte^/ wiU vitrifyy excep^ they lie lA the 
]^oportiofiir of Scalx^: ^ sM^nesHi^ and iargtU. 
Proportions approaching to this may give poto^ 
lainfr or enamels. 

F 8 • 3. Pro- 



68 FuaiBiuTir. 

' 3. Proportions^ in wbtch the argill equals 
either^ and exceeds the other as 3 to 1^ may 
form porcelains at 150^. 

. CalXy Magnesia^ and Silex^ at 130®. 

• 1. If the <Salx exceeds^ these maj afford se- 
veral fusible compounds. 

2. If the magnesia exceeds, thej will afford 
no fuftible compound. 

. 3. If the silex exceeds, tbey afford few fusi - 
ble compounds. 

ArgiUy Magnesia^ and SUeXy at 150*. 

1 . If the argill exceeds, nothing more than 
ft porcelain can be produced. 

2. If the magnesia exceeds, not even an im- 
perfect fusion can be had. 

3. If the silex exceeds, a porcelain may be? 
produced in several instances, and a glass in 
one, namely, when they are in the proportion 
of 3 silex, 2 magnesia, and 1 argill. 

Argillj Calx^ and Silex. 

1 . If the calx exceeds, either a glass, a porce- 
lain, or an inf^sible mass, may arise, according 
to the proportion. 

2. If the argill exceeds, a porcelain may in 
many cases be obtained, but not a glass. 

8. But if the silex exceeds, a porcelain or 
enamel is frequently obtainable, probably also 
a glass, for the heats I tried were not very 
high . 

Of Calces of Iron* 

Compounds, that owe their fusibility to 
calces of iron, havcf always the appearance of a 
filing. . 

CHAP. 
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CHAP. VI. 

CALCAREOUS GENUS. 

Under this head I -comprehend all those 
earths and stones^ apparently homogeneous^ in 
which calcareous earth predominates. 

1st Species. — Native Lime. — Whether this 
really exists has been much questioned; its 
existence, however^ is not naturally im^roba-* 
ble, since several stones contain uncombined' 
calx, as appears by various analyses ; and that 
lime once formed may remain a long time un- 
combined, even though exposed to the atmo- 
sphere, is Evident from common experience. I 
have found lime in limekilns, of which a great 
part remained unsaturated four years after it 
was burned ; but several respectable testimonies 
establish its real existence. Dr. Woodward 
tells us, that a whitish gritty earth, found at 
Clip^tone stone-pit in Northamptonshire, was 
found by Dr. Moreton to contain lime, and 
make'a cement, by barely mixing it with water. 
Dr. Falconer of Bath, a man of unquestion- 
able skill and judgment in matters of this na- 
ture, informs us, that he observed a soft whitish 
stone in the neighbourhood of that town, con- 
taining a quantity of uncombined calcareous 
earthy and capable of dissolving sulphur. Ac- 
cording to Mr. Monnet, it is found in great- 
quantity on the mountains of Upper Auvergn^ 
that form the valley of Vic; it is there of a 
yellowish colour, being mixed with calx of; 
iron. He thinks it of volcanic origin*; it is, 

* Woodward's Catal. 7. 1 Falconer on Bath Waters, 156, 
257. Monnet, Miueralog. 515. 

F 3 easily 
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easily discdvered by the taste, pr soluticm in 
water and precipitalipn by tlpe solutioii of cor^ 
ro^ive sublimate in the form of a reddish powr 
der. 

2nd Species.— CaqthiBei^ i^ith fixe^ Rir^ aeV 

fated or mild calx. 

# 

■ 
Carbonate de CJtcLUfc. — T\kU 3Pf$ci$^ prefjppts 
such varieties both in cploifr, fOrp>, \fixt\iT§^ 
and other externa! cbarapters^ and is liable to 
ftuch numerous find iinportai^t coptajninatigpf 
ffOD) other substctnces, that }t is e^ce^ding dif? 
jficulf, if not impossibi^j to establish si^ph Unc^ 
of separation between t\\e differept distinctions 
t|iat precision requires^ as shall not in $oipi^ in- 
stances be i^onfounded^ and include those that 
were meant Xq be excluded. The distinctious \ 
introduce af? therefore not always absolutely 
exacts but those that iipon the whole appear tp 
me the clearest and ipQSt importaRt. 
' All the substances if^cluded upder this hef^I 
effervesce vi^ith acids, and dp not ipclud^ abovp 
12 or 15 per c^Pt. of foreign combination^;. 

1st Class. — Mild c^lx in a lopsj? or ^epii-in- 
durated form. 

Ist Familjj. — Agaric Miner al, bergmilch or 
bergmehl pf the Germans. 

\st Va,Tiety. — Dustg; bergmilch of Werner: 
its colour is wbite red, or yellow formed of 
coipnacted particles, but exceeding friable, 
i|iid nence dusty: feels dry, does pot adhere to 
th^ tongue, and so light as nearly to Qoat on 
Water: gives Po gloss to the skin. 

2nd Vqrictu. — Someuohaf unctuous; white^ 

formed of scaly particles, ^dh^re^ tp the tQ9g^^^ 

very 



a gloss to the tkia ^^ea rubied on il, fali9 tn 
dust in water^ entirelj soluble in nitrous atid^ 
almost loats oa water. L^ziu^ Hart%, 9S8. 

Roth these varieties are found in the clefts of 
rotks^ or at the bottom of scat lakes. 

34 Varmff.---Savefy ChMt.^Ot this I Bnd 
some^ but an imperfect^ account in Grell's An^^ 
nals for 1790. Its e^lour is silvery vbite^ and 
In its structure it relembles mica; it feels soft 
and somewhat unctuous like taic> it is almost 
entirely soluble ih nitrous acidj and the solution 
hae all the properties of a solution of calcareMf 
earth ; it scarcely differs^ as it seems, from th# 
foregoing. 

9/nd Family, -*^Chalk. 

White, or yellowish white. 
Lustre 0. 
Transparency 0. 
Fracture earthy. 
Fragments 0. 
Hardness 3. 4. 

Specific gravity of a specimen that did not 
moulder in water 24 hours 2.315. Dr. Watson 
^und that of coarse hard chalk 2^657. 

Adheres slightly to the tongue. 

Feels dry and somewhat rough. 

iStains the fingers and marks. 

It slowly falls to pieces in water^ and thence 
into powder, but some moulder very readily. 

I found common chalk to lose 3 per cent, of 
its i^eight in a heat of 5dO Fahr. and by solu- 
tion in acids 0,43; the residuum, which is chiefly 
argillaceous, dried in the same heat^ weighed 
about % sometimes 3 per cent. 100 parts cnalk 
therefore contain about ,93 6t ffittd Cftlx^ ^Xft 

f 4 argill. 
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fHT^Uj and 3 of water; or bS m^er cAHuem» 
^tiby 42 of fixed w, 2 of argilL «pd 3 of 

Qbalk in general is infusible even by the heat 
9i ptire air ; but that of Bduloj§pie (frequently 
mentioned by French writers ) is fusible^ Ehrn, 
§ ^09 ; tberefore not 30 pure as that foiinit in 
other places. 

Mr. Rininan^ Hist. Ferri. $ 201^ pnentions 
a blue chalk found, in the neighbourhood of 
UpiEial; it contains iron. , 

According to Mr. Lavoisier*^ 100 parts chalk 
eontitin 524^103 of pure lime^ 31,9^9 of fixed> 
w, imd 15^402 of water ; but this large pro-r. 
portion of water is barely inferred from thei 
quantity absorbed and retained by quick-lime 
in a heat of 600^ Fahr. aqd which h^ supposes 
must also be contained in chalky a suppositioa 
that seems to me inadmissible^ as lime bus a 
stronger affinity to water, and retains more of 
it than aerated calx has^ or can retain. Be* 
sides, by his own first experiment, 1404 grains 
of chalk lose by solution in nitrous acid 576 
grains,, that is, at the rate of 41.025 per cent, 
wbicli is farther confirmed by the quantity of air 
gfyen out in that experiment, viz. 800 French 
cubic inches in the temperature of between 
16^ or 17° of Reaumur, barometer at 28 French 
inches nearly. Now by his own rules of re- 
duction, 800 cubic inches, at the temperature 
of 16<^, 5 Reaumur, would inake but 775,24 
cubic inches at 10° of Reaumur, and these 
would wei^h by his rule of estimation 552,88 
girains, which amounts to 39,47 per cent. 

I 

• 3d JPam/Z// .-r-Arenaceous limestone. Ganil. 
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1 Lavoisier, 20J. 
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is sd eftlieii from itsbtittleness^ aixil'not 
from i ts cwU aining. sand . 

The colettf of the specimens I karesecb \7afe 
yellowish "vehite. 

Lustre 1, from a few shining particles. 

Transpareney I. 
■ In the lump- it cannot be broken but by al 
bumer^ but small pieces of it fritt^r^betweeo 
the fingers: 

Its specific gravity 2^74^. It pbosphorescM 
when scraped with a knife in the dark^ but nof 
by laying <m a hot iron. 

It contains 4^ per cent, of fixed air^ and is 
almost entirely soluble in nitrmis aeid. It was 
£cuind on the snores of Rhaghery^ a small island 
ef tfa^ coast of Antrim^ by my. ingenioua^ ff lend 
Dr. Hamilton; its name in the IrisL limguttge 
purports limestone in the form of sand. Aiib^ 
ther specimen^ exactly resembling it^ was found 
at Codrilla^ on the west side of Vesuvius, and 
presented to roe by that very accurate obsert^er 
tiie Rev. Mr. Graydon. It has. also beeti/disr 
covered on the summit of MoMXit Gotha/d.ia 
Switzerland : this last phosphoresces whi(a Uid 
on burning coals, yet coiitains no acid bipt &x^A 
air. 2 Chy, Ann. 1790, 132. v .. 

I have met with another specimen o;f' fhia 
stpne^ which exactly resembles that wbjich I 
^ve described, except that its specific griayity 
i^ but 2,691, and that it has not the pho^iho*^ 
rescing quality. It contains but 42 percent^ 
of fixed air. Does not the phosphorescing pro- 
perty, therefore, originate from the large pror 
portion of this air ? 

•4th Family,— Testaceous Tufa. • See J^sskCj. 
§327, 562,571. . ,,. : 

• l«f Far/e*^.— White or; yellowisB white, ex- 
ceeding 
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teeiing poroiu and britde^ ferowd of Tarious 
broken shells compacted together^ found in the 
oeighbourliood of Syracuse^ Paleraao^ asid the 
promontory of Passoro in Sicily. Borch Li* 
thologie des Siciliens, ^SfT. 

2nd Variety. — Marly jPw/a.— Thia ii also 
lowish it^hite^^ resembling mortar, aod fre- 
quently oMtains small shells^ destitute of lustre 
and transparency, and ^ery porous; its fractuM 
earthy, its harness from 6 to 8. See the speci- 
men, Leske, \ 571. 

3d Variety .—StalactiHc Tii/a.-^Thisconsistt 
of whitish grey fistulous concretions yariously 
ramified or compacted together, or of brownum 
^ey concretions resembling moss ; bo& exceed- 
mg light and brittle, devoid of lustre and trans* 
parency; their fracture earthy hardness, from 
6to?. 

• • • 

Second Cla^, "^Indurated, 

' i«f Famity.'^-^ Compact Limestone, — This 
term is here taken in a technical sense to express 
a particular fracture already explained. 

Its colour is usually grey, blended with va- 
rious s/hades of other colours, as dark or light 
grey, bluish grey, yellowish grey, pearl grey, 
blackish grey, less commonly greyish white, 
Isabella yellow or ochre yellow, or flesh or 
brownish red, or greenish grey, or greyish 
black ; often with many of these colours toge- 
ther in blotches, veins, stripes, or specks: 

If ft^quently abonnds with impressions or pe- 
trifactions of muscles, snails, corals, pectinites, 
gryphites, mytulites, &c. 

Its lustre 0, or barely 1, from a few shining 
particles; its transparency 0, rarely 3. Its 
fracture compact, most commonly splintery, 
coarse DC iuuu rarely passing to the ecmchoidai ; 

some^ 
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•laty, 

Its fr^gngieiikto ^. - 

Its hardo^f froia 5 to ^^ rarely 9 ^^ ex4:«pt 
ji^ixe4 witb quartz. 

Its iip^fic grayity J ,38&lt ( before absorption 
of water ) t# %72. Thosa tbat hi^ve tlwnr spe^ 
cfific gravity below 0^4 are enoeeding porous. 

E&rvesi^s witb aci4f> itnd tbm losef fromi 
0,38 to 0,42 of its weight. . 

B|]m« to lime. Dr. Higgins has reiyiarked 
that limestones k:ept ever lo long in a red beat 
lose only pfie-^fourth of their weight ; io a heat 
tb^t malts copper tfa^y lose about one-third; 
aod in a heat tb^t melts ^ast iroii> that is, fron 
I^^ to 130® Wedgwood, they lose as viueb u 
t^y can lo3e> that is, from 38 to 44 per oeot. 

AU these stones contain some slight contami-^ 
nation from other st<mes, argilL or iron^ amount** 
ing at most to about \0 or IS per eent. ; if more 
thim 1 5 the lin^estone is 40 notably degraded a^ 
scarcely to afford lime, and shfmld then be ex-* 
eluded froin (he species we hef e consider : these 
cgntaminatiops are really less than 2 or 3 per 
cent. The carbonaceous prittciple should also 
be reckoned among them ; for> as I>f . Higgi^s^ 
oib^ief ves, Uniestones, calcined in vessels that do 
not: allpw a free communieatioii with (be air, 
afiord a gray Ume from some mixture of the 
.coaly priffctple that remains unconsumed. He^oe 
also Umastoufs lose less of their weight when di»^ 
tilled in a rotort than when burned in an opeu 
fire. 

^ Mr«AQ4rra«i^ U a Tstuabk trsict on lioi^stnoes, a^entioos 
some fbq^ ip Sunderland^ which in extsraal appearance resem* 
ble flipts^ tipA give fizewith steel, jet bun to lime as pore as 
tholofdisllu Bmy^ttsAgrioullsre, ▼d.jLp.iaai 

Variety 
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Variety 1. — Those of splintery frntturt.^^ 
Their colour is generally grey, bluish grey, or 
erevish blue; their hardness from 7* to 8, abd 
Sieir specific gravity from 9,6 to 2,72! 

Of this sort is the greyish blue limestone of 
X>ub1in ; it is perfectly opaque ; it^ Specific gra- 
vity 2,708; it does not imbibe 'water, at least 
in 24 hours ; it contains 0,41 of fixed ^ir, and 
0,03 of a mixture of tblue argill arid' iron; it 
gives an earthy smell ^hen breathed* on. 

The limestone of- Paris contains 8 per cent, of 
argill, quartz, andirdh; Dijonval, i42. 

Variety 2. — Tliose of conchoidal fthcture, — 
These* are gene rdlly* Isabella yelloVv; or dark 
blackish grey, or yellowish or reddisii brown. 
Most of those 1 have seen are. However, so 
roited with argill as rather to pass for tnar- 
lytes; but, if the fractUre be uiieven and imper- 
fecWy conchoidal, they t.re purer from argill : 
the (ioloiir of these is bluish or greyish blue 
black ; of this sort is the specimen, Leske, O.' 

1232; see also N. 12(2 and 1220. 

* 

Variety 3. — Of ari^ earthy fracture. '^^Their' 
colour is generally white or light grey, or grey-* 
ish, yellowish, or reddish white,' or reddish* 
brown, They are all'porous, and softie exceed- 
ing porous, and hence they absorb from about' 
one-fourth to one-thirtieth df -their' weight pf 
water ; Cheir specific gravity^ is therefore vari- 
able, being different both belTore and after ab- 
sorption, and the difference proportidned to the 
quantitv absorbed. The lightest stdne of tliis 
sort I nave read of has its specific gravity 
1,3864, and after absorption 1,7528: it there- 
fore absorbed above one^fourth of its weight 
of water. It is dug in the quarry of Bourre*^ 
near Montr ichard, in the neighbourhood of 
Tours : its colour is white^ very soft, and fine 

grained. 
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grained * . The d^sity. of the heaviest scarcely 
exceeds 2^55. The hardness of these stones is 
from. 5 to 7, 

. Port^od stpne^ whose specific gravity is 
2^461^ and JSath stone^ whose specific gravity 
is 2^494^ belong to this variety^ ^9. does Kettoa 
3tonej whose .colour is reddish brown, and con*- 
gists of small rounded particles cgmpacted to* 
gether like the roe of fish : its specific gravity 
%456. It. contains 90 per cept. of mild calx 
and 10 of ar^U^ with a mifiute quantity of calx 
of iron. It seems the same as the €enchrite$, 
4 Crell Boytr. 432. 

Several calcareous depositions, some even 
from Carlsbad, belong to this variety; some 
present a number of rounded depressions in 
their fracture; those wh^ch I have seen were 
either white or brick red. 

Compact limestones often pass into marl. See 
Leske, G. 734, 73d, and S. 1357; but it first 
grows slaty. 

Variety. 4. — Of a slaty fracture. — Under 
this head I comprehend those whose single la* 
mins have a compact fracture, but upon the 
whole slaty. Of this sort are, 

1. The calcareous flagstones of Woodstock. 
Its colour is light bluish grey, or yellowish, 
powdered. over with small reddish white round 
particles of a farinaceous appearance. The 
laminas are of about oae*tenth of an inch in 
thickness, and are themselves of a compact 
fracture. Its specific gravity from 2,585 to 
2^614. It aiffbrds about 0,34 grains of air, which 
had somewhat of an hematic or putrid smell. 
It contains a mixture of silex, argill; and iron; 
ftfid hence gives fire with steely Chough with dif- 
ficulty. Its lustre 0^ transparency 0; but its; 

impuri- 
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. 2. Limestones^ of an Isabella yeltow Colour, 
ftei^wmAt ys^^imiiit^ v^table impt/esfiwM. the 
kmrnutat them me Uti^enWy from (VM-fAHftk 
to tk^i^^lbiifAs ol All tfMbin tbfkkness, and 
pveieM a tiettHS^AoLt e^Mcboidal frtfcfCuye; tkaf iA 
Leskf^ O. IS^O, t^fiAMd t^ Ikne »( I190>. Se« 
ah#G.3S4, 806. 

d. liMtteston^^ 0f a light Muisif grey coletir , 
^Hmm I JMiii n a present a splintery fVaeture; bbA ttt 
Leike^ 8. 1357. Tl^se ^pmt int^ marls for tAt« 
most part. 

The yelloWisb grej ttme9l<Me, L^ke^ S. 961^ 
blNrtb fattd^anttsltfty. 

4*. dtaiMtar NttiesC^aes a#e ulso^ MnMthneM 
stetf, b«t ai«ik nMV« ^artf¥;f . 8e« a spechttett 
of tbis sort in Leske^ ^. 11^. 

^d Familif.'^J^oKiiUd uMl gramaMr.-^IU 
most usual colours are wbite^ or ligkt grey, n 
yMev^iahf gteeaAAk, #v faddisb white ; seMamer 
reddish bt ow0^ flesb<«<olo«ired^ or bkisli fi^J^ 
•V gr^yiah hkHck.. 

Its lustre 2^1 ; transporeody 2. )y5y of Av 
duiker sorif t. 

Its>fiui€tufe foliated!^ often very smaH artdfiae, 
always sfiRaigfal^ sometimas' in- the grosa slaty. 

IliB fragpieataS, 

It presenile gramilw diatiuct cencretionsy 
ofibeap so smaH and fiaay NMt the faUated textvftt 
is difficultly dilMramed . 

tts haifdtest' fMm 7 tti 8;« ils ^dfic gr^tttjr 
fMm 3,71 torS^SS?^;^ where the densiity is^hif bery 
it is impure. 

Ut isafcciy avor eaotefas* pettifiaaliiaM^ oi( ]i»^ 
paessiaAs -#i flMMinavaawf iof .* 

iTiany or ineic cirerTCscc rcry siuvfiy wim* 
acids^ as will be t€eii ib tfre' ^quel. 

Parian 
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Padri«A nmble ii said t^ be the pmtit 
#f tbU fiamilj. Ita coImik is pure wUte. ita 
Mecifie gf avilj^ aeccMding to Bbissod, S^SSQ'G. 
Carrara marble is next in purity. I found it to 
cmOitm about €U& <rf fi^d air, and 0,03 of 
arnU^ witb mimite quarts; Gryatals. Its aps- 
cifte gratity 2,717. 

Mr. Cranstedt^ in the Memoirs of iStoekboha 
£ar the year 1763, tells us^he ivet in lemptland 
m bla«k tlHDi slaty liaieatone^ of a sparry tex*' 
tiiire> iwlii4th, from ito emteimd appearance, 
would scarcely be takea fw Uaiesteiie, aad jist 
afforded excellent lime. Ib soiie places it wa$ 
darkgney, and undidiitiKigly slaty. 

Mr. Woulifir presented me wilb aooCher of tiici 
tUm^ty kind fiom Scotland ; £ks cokNtc dark Uuisb 
l^y; ills lustre 1; taMnpaieiicy 1; fraeHnne, 
tbftdk staly. The }anine$ about the thicfcn^a 
if an inch ; their sfurfiices strewed orer witb 
mica. E^acttvre of the lasninas, graaulacly 
feUatedi, yet mixed with the splintery. Frag-' 
menlsS; hardness from 8 to 9; specific gravity 
2,7ia 

Some limestones are at the same time boltb 
granulac and fine sphntery^ as may be seen in 
the specimen^ Leske^ O. 1254^ which is of a 
beantifiil bbosh grey colour; and some con- 
choidal^ and exceeding minutely foliated^ a» 
iht specimsii in Lesfte; S. 349v 



3d: FamUy .r'-'^FoMtBiti and sparry. — Spairs:^. 
Isi YMSsftjK. Cammam Sfmr. 

Its most usual aolotit » white or gteyishi 
whitr> ala« jwifewish oi DeAdisb whiter more 



^■^— ariw«**^-«a*-**ii 



^ Witkian 4» tamupor, vJtbfma sdditior/ alwayn deiiDtes 

rarely 
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rarely iolive or leek green^ honey or ochre yel* 
low^ or flesh or brownish^ or purplish red; stil^ 
more rarely brown, or bluish grey, or greyish 
black. 

It occurs both amorphous, cellular, stalactitic, 
ki^eyform, globular, or interspersed through, 
or pervading in veins, other mineral substances, 
or investing them, or filling their cavities ; or 
crystallized in various forms; for a minuter de- 
scription of which we must refer to Mr. Rome 
de Lisle. The most general are the rhomboidal, 
but frequently we find them crystallized in hex- 
agonal prisms, terminated by a pyramid often 
at one end, rarely at both, and sometimes at 
neither. The angles of the pyramid never cor- 
respond with those of the prism, which distin-* 
guishes them from quartzy crystals : the pyra- 
mids ' sometimes resemble the head of a nail. 
Very frequently spars occur in the form of a 
dog's tooth, often in that of leaves, &c. 

Its lustre 3,2, never or 1, but when either 
decomposing .or debased by foreign ingredients. 

Its transparency .3, 3, 4, 1, if of the amor* 
phouskiudS. 1,5. L 

Its fracture foliated, generally straight, rarely 
convex or undulated. 

Its fragments generally rhomboidal, or tend- 
ing thereto. 

The amorphous generally presents distinct 
.granular concretions, seldom lamellar or co- 
lumnar; some seem really striated, as in Leske, 
O. 1268: the columnar give it a striated ap- 
pearance, as in Leske, O. 1438. 

Its hardness from 5 to 6 ; specific gravity 
from 2,693 to 2,718 

By my own experimaits, pure semitranspa- 
rejit amorphous spar loses from 43 to 45 per 

cent. 



Sflusstir^^ jyni^r ^3 -fkiAd Mine rhdmboid^l spars 
lose 0^395 by solultMi'm fiitroiis Hclid ; Mi^. 
feergmaB only ,8tt,\t U prs^bte he iisod the 
^itric^Hc acid to dk»olTe it. ' . . 

White or grey opaque spars genefiitly tontaia 
argill/ but certainly ilo^ eiceeednig IS per cent, 
for they are all inftisibl^j bypure air. Th0 
t>rown' ferruginous spars/ od' the oontraryj are 
•11 fumble by thehcat prbduced'by that aiiii 

lleddtsh and f lol^t spars gMerally d^^ 
liheir colour from miHigaHese. l6 flos. 15 La** 
^itis^ Hartz S2T. 

Sod variety; Jrtagim Sparf. ' * • 

White or greenish white^ and in ilie middlt 
'TOHiewhat blue.' ^* 

" Lustre 2. Transparencj^S. 1. 

It is found crystallized in hexangular prismsj 
■whose planes are concave. 

Fracture sparry; but/ as it preseiitJft cdlum^ 
nar distinct concretions^ it appears as if striated'. 

Hardnesis 6. Speciiic gravity 2,778. 

Moderately heated, it phosphoresces, emit^ 
^g a red light^ and then falls iiito powder. 

It dissolves slowly, -fcut entirely, in nitroui 
apid, with efferve«cehce^ and contains no flum' 
ncid^ as' Mr. Klaproffh evinced, by dissolving 
it ill Vinegar. It -probably contains more fix^l 
«ir than^the former variety, and probably a 
inixtureof strbnthian." ' 

•4ffc /famfty.— See Lenke^O. 1435.— Striate* 
or fibrous. Stalactite, alabaster, sinter, 
its polburs are grey, whitej yellowish or 



turn km II ■>■ 
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^A»,'|788, 388. 

VOL. I. « greenish 



greeniskteliite; or pale green^ or lif ht or cbefff 
red^ or reddish browo^ or bluish prey, or striped 
•r veined with these colours. 

Its form various^ amorphous^ or braachedj 
jagged, tubular, gIobular> &e. the surface sel- 
dom smooth. 

Its lustre I, but sometimes abounds in shioiag 
'particles, ofteo 0. Its transparency 2. ] . 

Its fracture striated or fibrous, sometimes 
very faintly, the strias seldom parallel, oftener 
diverging^ as from a common center, or starry ; 
it frequently discovers distinct stratified con- 
cretions of different colours, sometimes paraU 
lel, often curved or angularly undulating, or 
coneeatric. 

Its hardness from 5 to 7. Its specific graii- 
vity, according to Brisson, from 3,3259 to 
2>876 ; this last undoubtedly from an abundant 
mixture of metallic or actinolitic particles.; but 
its most usual n&lative density is from 2,6 to 

Its effervesces with acids, and burns to* lime. 

Calcareous sediiiients and incrustations belong 
te this family chiefly; that of Carlsbad has its 
specific gravity from 2,63 to 2,690, and con- 
tainB but little of iron, silex, or argilL 

A fibrous or striated limestone found near the 
lake Onega, which consists of asbestine or sboiy- 
iaceous particles, interwoven with the cakare^ 
ous in the proportion of 1 per cent, the hardf 
ness of the former is 9, of the latter frote 7 to 
S. 1 1 also contains 8 per cent, of acgiH. Act. 
Petrop, 1782, 270. 

Calcareous infiltrations, filling the cavities ot 
jOther stones, are frequently of this family, an^ 
have often been mistaken for acolytes. 

Though most stalmctitea hate a fibraut frac- 

tur^j 
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tUTfi jret. ^re . a]fe miny wh<Me ftactut^ m 
earthy. . / 

V The fibrou9 lilnestone froiti . Poland^ Levke^ 
O. 1435^ is very < renitrkal)le> aa it much re4 
MnbJes fibrosa S7ps^iB« Its coiont is.yeUowt 
ish white* It lustre 2, Tran^atency 1. Ita 
fracture fibrous^ with slender acictilar separata 
concretions staodiiig in different directions. Its 
bardneas 7. Very brittle. Its specific gravity 
2^741 If It strongly effervesces with acids. Feels 
])arsh« \» 

« 

HtJl Family. -^^Si^ine «foA^.-^Bluisfa or blacks 
ish or yellowish grey^. or greyish blacky or yeU 
lowish or blackish brown^ or Isabella yellow. 

Lustre 1 . 0. Transparency 0. 1 : 

Fracture various; that oi the blackish varie- 
ties generally fine splintery passing into X%6 
conchoidal ; . that of the Isabella yellow fine 
at>lintery ; that of the yellowish grey earthy. 
All conunonly slaty^ and discover scattered parr 
tides of a foliated texture. 

Its hardness from 6'to 7. Specific gravity of 
yi specimen of the grey kind> which I tried^ and 
Was penetrated with spar^ was 2i70Ji of that 
examined by Br isson^ S^7 121. 

Its most distinguishing characteristic is an 
urinous or alliaceous sniell> which it emits when 
scraped or pounded. 

It is generally presumed to contain some bitu-* 
minous substance^ and with good reason; though 
I could prof^ure none from the specimen I tried 
by distillatioPt nor any air distinct from fixed 
air ; for the whole of the air I procured from 
it was easily absorbed by lime-water^ but of 
fixed air I found it to contain 0,45. 

Swine stone^ composed of lainins^ alternately 

G 2 * white 



white Imd jrtbow^ fe Crand in -iM vitikiitjrvf 
Vesuvius. Gioeni, 13. 

Mt\ Bargtal*! tel^ a« ill, tlikt> in tlbfe ittoun- 
toiiis of West CFOtfafotid^ this it«ne o^eilrs iA 
great plenty;, iMad il tbare bvimdi to 1ift»e> th^ 
ekjjpence of fael being ihuth diifitnisbtd flroitt 
Ae 4ttii»re«it the «t<3fM itiderlf afbrdi wfa«n Heat^l 
to r6«h»eto^. TbiB quality is known in many 
pitfU «/ the c^^ttAty of Ciialvray, v^ere iMii siMO 
iJbomid8> bttt fnel is scarce; aiid hence il H 
often employed to heat rooms^ as it remaiiiB red 
hot many hours. 

Thf^ brbtmer stnrts are I beliete most fre- 
^entiy Akafhor marlitet. 

« 

7th Family. ^^Ovlform. Brbs^nsictn. 

^Ttteir coiout is generally yeliowisti grey, or 
br^Wii. 

Luwirk f). Tratt6()ar^cy br 1 . 

ITbey eoaiist of a kitfmbdr of globular elosfeU 
cMi^^ied together; tli^ir bardnesis fram^ to 7. 



3d <Spwt^.'^^9li\d ealdareous earthy toiked 
%ith It *fto%abie propdrvi^n of other earths, iMD> 
terbahigaiK^. 

Mixed with barytds c^ bar OMlAiite. B^ryto^^ 
Cnmte. 

Of thi* stohe, ^rhich I have n6t seen, Mr. 
Bergman gives the following abconnt f. *■ 

Its colour dark, or light gTCy> almost white. 

Transiparency 2. ' • 

FoAn, either that of awedgo^ e^r soAie segL 
itoent of a sphere/ ot rounded^ jof crystallized 
in quadrangular prisms. 

Fracture striated, and presiMs separate co*^ 



IMNMi 
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himni^f cftBoretioM, wor? or ]e%s duferg\ifkg ^ 
from a common center. 

It contains 9@ per cent, of aeFa^e4 calx^ and 
8 of aerated barytes. 

' Specific gravity n^t giyen, |3fut I conjecture 
it to be nearly 2^78. 

It efer veseei ^ith iicids. 

^h Speeies. — M<xe4wi^ m^gW^ia- ^iir/- 

' Qf tbia $p0cms Aerefure tw^fi^niUes^ iiei- 
tker qf ^whwh hw w J^t bw* acc?ir»t#lj 4er 
Qcribed- 

' ^ 

Ut Fgrnily i'^ln ap wrthy foom. 

Qf an olive eolpur* It coqsi^tfi qf a largp 
proportion of «iild call:* and a sm^Hef qf rnfigr 
oesiai and^ though it hfs the appe^rani^e qf a 
^hj» yet contains no argilL 13 |Iq2. 60^ fquqg 
near Thionville, 

%nd Family. — In a stony fornij an4 ^morpbqus. 

A fitone of this has ]}tei\ poistal^^n for tb^ 
white or sparry iron ore^ It is found near 
€reiitzenwanl4^ and contains 75 per eept. of 
aerated calx, 12 of qn^gnesia, 4n4 i3 of iron; 
per Bayen, 13 Roz. 59. Mr. Chaptal informs 
us he has detected some proportion of magnesia 
in many of th^ limestones of Langnedoc^ % 
Chapt. 65. 

SdPamihj.— ^Crystallized, — CompQUndSpar. 
Bitter spar of the Geroiaiis, 
Greyish white^ or verging to the dark pearl 

It occurs partly sbappless^ partly in blynted 

c3 fragr 



fragments^ partly crysWUized in rhoilibdids> 
small or middle sized, 

- The surface of the fragments is lonritudi'- 
nally streaked^ that of the crystals rough. 

External lustre greasy, 1. iiftcnial^ peatly 
3. Transparency 3.4. 

Fracture streight foliated. Fragments rhom- 
boidal. 

Presents gross>graincd distinct concretions. 

Hardness 8, brittle. Specific gravity 8,480. 

It does not efTervesce with acMs until it is pul- 
'verized^ and then but gently^ though com|iletely 
soluble therein ; if previously heated^ it wilt 
dissolve more quickly. Heated to redness for 
half an hour^ it does not decrepitate^ but loses 
45 per cent, of its weight. In a porcelain h^t> 
it vitrifies with the crucible^ which it trans* 
pierces. By Mr. Klaproth's analysis, it con* 
tains 52 per c^t. of mild calx, 45 of inild mag^ 
nesia, and 3 of iron mixed with manganese. 5. 
Berl. Beobacht. 55. 

It is found in Tyrol^ and generally mixed 
with chlorite and talc, 

oth Species. — Mixed with a notable propor^* 
tion of argill or clay. ArglllO'Calcites. 

1st Class. — Readily disin^egrable by expor 
&.ure to tbe atdio^here. 

Marls J or Calcareous Marls * . 

1st Family. — In an earthy or semi-indurated 
form. Mergel erde of Werner. 

* Though there are different distinctions of marls, yet by the 
terra marlg without fsfther addition^ calcareous indrls ait uxider-: 

Generally 



Gettenlly jellowish grey, moferrMtlj yel- 
lowish white. 

Lustre 0. Traasparency 0. 

Surface dusty. 

Slightly compacted together^ frequently loose. 

Feels dry and rough. Specific gravity from 
1,600 to 2,4. 

It strongly effervesces with acids^ and^ when 
dtMolved therein, the residuum^ dried in a heat 
of IdO*" Fahr. weighs from two*thirds to four** 
fifths of the vrhole ; that is to say, this marl . 
contains from 30to 00 per cent, of calx. 

It is fusible in a heat of from 130' to 140^ of 
Wedgwood; 

'In water it soon falls into ppwder, and is not 
ductile ; the compacted part farther moulders 
by exposure to the air. 

It consists of mild calcareous earth, in the 
proportion of from 66 to SO per cent, the re* 
maiiider clay, with which mica, and other fo- 
reign ingredients, and irequently shells, are 
mixed. But clay itself contains two ingre* 
dientfl, namely, argill and silex; and hence 
this family divides into two branches ; the one 
in which tfne argill exceeds, or at least amounts 
to 20 per cent, of the whole residuum ; the other, 
in which the siliceous ingredient amounts to 
more than 80 per cent, of the whole residuum. 
This distinction, which is of some importance 
in agriculture, cannot be directly made by 
means of a chemical analysis ; however, it may 
he inferred from the propertv which the resi- 
duum, after solution, has or has not of making 
a good brick ; if it cannot be formed into a 
brick, then the siliceous in^edient exceeds; if 
it can be made into a brick, and Jthis brick is . 
liable to crack ip drying, then the argillaceous 
ingredient exceeds. 

o 4 2«d Familiji, 



j3f CALCARJBOf^Pl#ENUS. 



Verharteter Mergel of Werner. , , \ \ , 

Yellowish whit^^ or jeJI^^wi^jb. dt blpidi.grm^ 
or Isabella yellow or brown^ or redLdishyOr.^el- 
lcrnrisli brown, or bri'Qk'jrcd^.xM: fic^b.<^olcuped^ 
or greyish bUcki : ^. 

Surface often dustV. 
• LiMtrfcOi Trwi4)Vjre»cy a r . 

Fracture eai ttiy» aoitietim^ udcUmng to the 
splintery^ or concheidah* fr^^ueptly slaty^. 
' Hardnessfr0ni«5to 7:. Specific gravityCwheu; 
it can be taken ) fi^m %M ^ ^>7. 

It is fusibld hy a hqat p£ Ji33''into ad^^k 
green compact glass. 

Most fjreqtni|itl|r7Cf nmblbtrsoon.* |fter imm^r^ 
sionin wator«:. .' ' i :. , 

It efferyesces strongfy Mfitb aeids^ and by so<» 
ItifioH tb«retn loae« fiVrntil^^Sd to 0,3^ of its 
weight >• : ♦; ••':)'• • 

The. residuum/ afttr soluticox. beinp well 
washed and dried*, wdgb». from, t^o^-th^rds to 
one-fifth : o£ the wib^le . . ' 
• It bonaists of 'iniid calx and clay in the .aaroe 
proportion aa theiforniar wariety^ aad frequently 
a large proportion of i6arinc shells. Most marls 
contain a small proportioft of magnesia^ and 
some vestiges of marine acid * ; they are liable 
also to vacioDs other jcontaminaAions, 

By exposure to t)ie air'ai^d moisturoi -it soonef 
orla^er, generally at farthest within a year^ 
chips and falls to. pieces. Thi9 disifitegtation it 
remarkable^ for it does not proceed solely from 
the absorption of water> and the dilatation and. 
contraction of this absorbed water^ by |he vary-? 
ing temperature of the atmosphere^, as H .takea 
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* Per Monnct, 4 Roz. 180; \ ' ' 



yUce in elumtes under which this varnitiQq is 

not consiclcrable ; .nor doei it proceed from tin} 
absorption of air by ferruginous particles it 
may contaio; for marls that contain scarcely 
Any iron^ or vbich contain iron in a state that 
admits of no farther calcination^ equally fall to 
pieces after exposure to the atmosphere^ and 
ao do the shells contained in it. I suspect it to 
proceed partly from the absorption of moistprej 
«Hd partly fc om the absorption of air by tbo 
carbonic pcincinle of the marine exuvias^ of 
shells found in tbe marl. 

, Marls that contain only 66 per cent, of mild 
calx are frequently burned to obtain lime; thi^ 
lime takes less sand indeed^ but is unfit for con« 
structionsunderY^ater. Dr. Withering remarked, 
that marls, whi(;h contain above one-fourth of 
their weight of aerated calx, will not form 
bricks^ Dr. Higgins observed that mortar, which 
contained one-eighth of its weight of argill^ was 
subject to chip by exposure to the air and moiiH 
ture. On Cemmts^ 121« 

It has, however, been observed by Mr. Ma« 
quer^ that . limestones, vyjiiich contain only 0,15 
or 0,16 of argill, possess all the properties of 
limestones ; Mem. Par. 1728: yet this must be 
restrained to the case in, which they are not ex-- 
posed to an high degree of heat, ok he must 
fneaxi pure argill; for, if they contained that 
portion pf floj/, they would undoubtedly be 
fusible. 

This family y like the foregoing, is divisible 
into two branches; the one« in which the argiU 
laceoqa part of the clay exceeds the siliceous ; 
|he otlier^'in which tbe siliceous is to the argil'^ 
|^c^oi|s ifi. a hij^her proportion than 4 to L 

\st Branch. 
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l$t Branch. — Of this sort, I do not recollect 
Aat any have as yet been analysed. 

2nd branch, — SiKciferous MarUs — ^These, 
as before said^ possess the same characters as the 
foregoing^ except tliat they d6 not harden when^ 
calcined ; nor does the residuum^ after solution 
in acids^ form a brick. These properties, it must 
be understood^ are susceptible of various gra- 
dations, as the compositions necessarily vary 
from each other. Of this sort, a few are men-' 
tioned by Dr. Withering, Phil. Trans. 1773. 

1. A brownish white marl, resembling a cal- 
careous incrustation. It contains 53 per cent, 
aerated calx ; the remainder sand. 

2. A lead-colotired friable Jlakfj marl, con- 
tained 48 per cent, aerated calx; remainder, 
sand. 

3. A brownish-grey marl, very bard, in ir-* 
regular lumps ; contained 53 per cent, aerated 
calx; the remainder sand. 

4. A lead-coloured marl, in powder or small 
hard lumps; it contained 66 percent, aerated 
calx, with sand, and a small proportion of ar-^ 

gill. 

^nd Class, — Not readily disintegrable by ex* 
posureto the atmosphere. 

Marines. — Light or dark grey, or bluish or 
yellowish grey, or brownish red^ or flesh co* 
loured, or grevish black. 

Lustre 0, transparency 0, when the limestone 
is of the compact kind ; but, when it is of the 
granular, some lustre and transparency are per^ 
ceived, as in the specimen, ■ Leske, 5^4, 

Fracture 
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' I^racture most earthy or conchoidal> seliftoiii 
splintery, frequently slaty, more rarely gtUnvf- 
krly foliated, sometimes mixed. 

Hardness from 4 to 8. Specific gravity from 
2,3 to 2,877. : 

Effervesce with acids, though sometimes 
slowly. 

Ttiey are not disintegrated by exposure to the. 
atmospAtere, at least in six years. Hence we 
see they differ but little from marls in their ex-- 
ternal characters; howev-er, the property of re- 
sisting the influences of the atmosphere, at least 
for a considerable time, is too important a 
ground of distinction to be passed over. 

m 

Ist Famih/.'^ln this, next after the- ealcare--^ 
0us kigredient, the argillaceous predominates. 

« 

Argilliferous Marlites. — 1. Adark bluelime-^ 
stone, of a conchoidal or semilenticular form, 
opaque, dull and slaty, hard as 8. Specific gra« 
vity 2JS17 It contained 0,50 of mild calcare- 
ous earth, 32aTgi11, 13 silex, and 2 of iron. 

3. Orbicular masses (geods), containing 
brown or bluish grey marl, split in compart- 
ments, and intersected with veins of spar, called 
Ludi Helmontii, I cannot, however, say that 
I particularly examined these. 

3. Mollassey a grey or yellowish grey stone^ 
found in the neighbburhood of Lausanne, and 
various parts of Prance, at least tho^ parts of 
it that, after a length of time, are injured by 
exposure to the air, seem to belong to this fa« 
mily. 

4. Various stalactites^ such as those consist- 
ing of hollow coues, including others of.th<^ 

same 
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^^iBoie fort tontA m H^hlpghntghs u^nAwkith, 
aiicordin^ to Baron Bom^fure difficultly solu- 
ble in nitrous acid> and when caleine^^ and 
UiroVa iato water> deposit a coe^iderable pro- 
portion of argill. I Raab. 304. 

&.' Vtf ioud re4 and green 'Aarbles^ sueb as 
the brownish red marble of Ingermania^. varte^ 
Ifflted with red and green. Its fractiw^ eaf thj. 
Ito hardness from 6 to 7. It abounds in petri** 
factions^ efferyescea wtskiy with iicids^ by c9i,U 
cination becomes gr^y, and affogrda a bad lime. 
By Mr. Georgfn analysts^ it contains 65 per 
eent. of aerated eal^> 17 of argill^ 12 silex« 
3,5 of salited ealx^ and % of iron^ Act* P^trop. 
1783^ 276. It entirely resembled that of Ro- 
b<^ek in Kini}e<5ulla^ which Mr. B^rgajan t^lls 
us is fusible in a strong heat, and yet affords % 
weak lime, Mem. Stockb. 1768; and the green 
Canif>a«i'df'the Pyrenees^ which, by Mr. Bay- 
^> analysis, coiisists of 0,65 aerated caU^ 0,3% 
argill^ and 0,03 of iron slightly calcined. 
. 6. Some bluisli and yellowish grey limestones 
of a compact texture, such as that fpiu^d in tha 
biahoprick of Fulda, whi^h contains 75 per 
cent, of raild calx, and 25 of argill* Yoigbt 
Fulda, 16. 

7. Various perpys limestones, which afford ^ 
very poor lime, are probably of this family. 

8. Mr. Ferber, in Nov^ Act. Petrop, 1785, 
p. £63, mentions a very singular fossil, a mar) 
crystallized in an octohediral form, like aluni, 
which contains argill and silex; but nothing^ 
farther concerning it ib as yet known. 

- dfui Familtf. — In which, next to calx;^ silex 
predominates* 

SilicU 



tikRLi¥fi«. ' ^ 

• ' 5iKc(fi?r(T«i MatlHts.-r^Oi tifiii thete are 
many varieties, several of winch give fire with 
%teel lit the^ame time that they ewefvesce with 
^ilis. 

1. A brownish red an?4 white marble of Fin- 
land, of micaceous or scaly texture, whose 
Amtidness is 9. It contains 74*| per cent, aerated 
calxj 16 . silex, 5 argill, 3 magnesia, and 1 oiT 
fa*{m. Per Georgi Act. Petrop. 1783, 276. 

2. A greyish blue marble firt)m Pergola, neat 
the lake Onega, of a minute scaly texture, y^ 
vomewhat angular in its fracture. Its hardness 
ftt>m 8 to 9, !t contains 79 per cent, aerated 
€tAx, 18 sifex, 2,5 argiH, and 0,5 iron. Ibid. 

3. A greyish black marblespotted with white, 
ftotti Sardopol, on the lake Onega, of a minute 
%caly texture, with a few micaceous particles, 
tts hardness from 7 to 8. Contains 66 per cent, 
^►f aerated calx, 19 silex, 10 mica, 4 atgill, 
*tid 1 of iron. Ilrid. 

4. A flesh coloured marble, variegated with 
white, also IVmn the lake Onega. Its hardness 
9. Contatms 75 per cent, aerated calx, 16 silex, 
Margin, 2 mica, and *2 of iron. Ibid. 

5. A blackish cklcareotn slate, found lieat 
Courmayer, in the Alps, is fusible, and con- 
tains 0,615 cahc, 0,275 silex, 0,06 magnesia^, 
0,0225 argi 1, and 0,015 iron. 2 Sauss. 298. 

^. A,43laekish limestone, fouad in Tauria^ 
exactly resembling a flint mentioned by Princ# 
Crallitzin in bis description of tfaa4 country^ 1 
Jiargbau, ,298; and another resembling £ora 
stone found at Furstenberg, which with lime-r 
ftone contains a quantity of sand ; of which 
Langer makes mention in his mineral history of 
IPadcrbom, p« 8^ and the sla^ limestones lovad 
on the Orampians iu.Scotl%Ba> wh^h efiejrvescf 

^ith 



with acids^ ad jfive fire with 'steel/ i Bei^b; 
S99, are of this faintly. 

7. Siliciealcareous freestones^ which areofleS' 
porous^ and serve for filtering stones^ such af^ 
Pierre de ZiaiSj whicfa^ according to Monnet's 
Mineralogy^ 12^ contains 33 per cent, silex. Its 
specific gravity^ according to Briss<»i> is from 
2,07 to 2,4. 

8. Arenaceous limestone, such as that fbun4 
At Sharzfeld in the Hartz, Lasius, 193. Its 
^ecific gravity 2>489< 

9. A radiated stelliform limestone (Sterns«^ 
fx^th ) found on the Carpathian mountains b j 
Mr. Fichtel. Its colour white and greenish, 
liustre silky. According to Mr. Bindheim^ it 
contains 0,66 per cent, mild calx, 0,30 silex^ 
and 0,03 iron ; but he tells us it is fusible by 
the blow pipe, which could not happenjf it dijl 
not contain argill also, or the siliceous stone 
must have been of the fusible kind, and eve^ 
so it would scarcely be fusible. 

10. Mr. Chaptal informs us^ that some lime«- 
stones in Languedoc contain so much silex, that 
when calcined they need only be beaten up with 
water to make good mortar. 2 Chapt. 34. 

3d Class. — Argillocalcites, penetrated witi 
bitumen^ sulphur, or pyrites. 

1st Family. — Bituminous Marlite^ Bitu-^ 
ininoser Mergel Schiefer of Werner. 
. Colour greyish or brownish black. Fracture 
partly straight, partly curved, or undulatingly 
slaty ; the internal surfaces of the former rough, 
€f the latter smooth. The laminse either thick 
or thin. Fragments tabular. 

Lustre of the straight slaty 0, of the curbed 
slaty 1 A Transparenty 0. 

Hardness 



Hardo^s b. Specific gravity froi9 2,361 to 
2,443. 

Feels dry. Often contains copper pyrites. 

I| eflfervesces ifi^ith acids^ even the specimena 
that have most the appearance of coal, as those 
inLeske, O. 1538, 1535. The specimen 1637 
effervesces but weakly. 

It most commonly bears impressions of Bsk 
jor marine plants. 

It seems to be the shale bind of 4th Watson, 
344, yet its specific gravity, according .to him^ 
i«S,681. 

This stone must not be confounded with bitn- 
miaous shale (brand schiefer), which it mueh 
resembles ; thai is an argillite, scarcely effer* 
vesces with acids; this, 'a calcareous stone, 
strongly effervesces with acids: its specific gra- 
vity at a medium 2,388. 

The former is found in coa^l-mines, the latter 
is not attached to them, but often contains cop 
per ore. 

^ndFaniilt/. — Pj/ritaceousLimeatone. — ^ark 
f^rey, or yellowish grey. Lustre 1, from some 
mterposed shiningparticles. 

Transparency 0- Fracture compact, often 
slaty. Hardness from 8U> 9, brittle. Specific 
^gravity 2,703. 

Gives a grey powder, is not magnetic. 

Soluble in acids, and sometimes with effete 
vesccaee. 

Detonates with nitre. 

Calcined with charcoal affords a liver of sui^ 
phur. 

. Distilled, it affords some flowers of sulphur^ 
and volatile vitriolic acid. 

By the analysis of Baron Servient, it cmi* 
tains 7^ per cent, mild cahc, find ^5 of pyritei^ 

con* 
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•lyonsistuig of 14 purts argill^ 7 quartz and iuU 
phuFj and 4 of iron*. 

6th Species. — Argentine. Scfcicfer spatli of 
Warner. 

Colotir grcywh , reddish; or greenish white* 

Lustre^ where fresh broken^ and in the di^ 
rettnm of the lamelltc^ 3,2, and of the siWery 
kind^ as I think ; some call it intermediate be^ 
tween that of wax and mother of pearL 

Transparency 1.0 1:5. 

Fracture curved foliated, in the gross slaty- 
Fragments 2. 

Hardness 5 to ^. Very brittle. Specific 
gravity 3,647. Hatb somewhat of a greasy 
fee!. Efferresces strongly with acids. • 

Ueated to redness^ it turns reddish brown-; 
by a heat of 155* it is converted partly into «i 
l)rown porcelain mass, and partly into a reddish 
brown glass, which attacks the crucible. 

Its composition is not yet known, and I had 

too little of it to allow a farther examination ; 

but from its action en the crucible, I think it 

probably contains magnesia, and a small pro«* 

portion of argill and calx of iron. 

According to Mr. Karsten, its specific gra- 
vity is intermediate ^tween the heavy and not 
remarkably heavy. Leske's Catah)gue^ p. 273. 
Mr. Hoifmao, however^ did not 'find its specific 
gravity ^o high. That which I exainined waa 
taken from the specimen in Leske^ O. 1499. 

It has hitherto beeq found only in Barman's 
tJriin, near Schwartzenberg, and Konsbetg, in 
Saxony, and in the Shara pit, in Norway. Th« 
•iWery chalk, already mentioned^ -seems how- 
ever nearly related to it. 



ai Aozler. 3p4, 23 IU>z. Op;. 

7fA Species, 



. ^ Spe&ieslf^bmhmed ulrith idiiiigaii^de ^nd 

iron*> ' ' 

Stdetd Caltite, Brauii fipath «>f Wcrnerj 
fcpath perle of Rome de Lisle. 

Ct^loui" white ot greyish, jellcTwish oi* reddish 
tehite; the red sometimes ris<$s to the rosji 
Sometimes sinks to the brdWn or darker red ; the 
veHow degenerates often into Isabella or brown- 
ish blaek. Sometiihes manj of these colours 
oceiir togetherj and frequently present an iri- 
descent or tarnished n^tallic appearance ; 

It is found iLnlorphous> cellulari rounded^ 
bilf liiorevgenerally crystallized i 

Its external lljstre (when not liiueli deconi^ 
posed ) is metallic oi' pearly, 3.3 ; its internal, 
glitssy, S dr 1; Transparency of the crystal- 
lized 2.1 .O3 oi the otherSi 0; 

When crystallised^ its ConUs 4re tariotis : 1> 
lenticular ; 3, rhomboidal, with plane Or con- 
vex faees; 3, pyramidal and solid, with con^ 
vex faces^ or pyramidal and hollot^^ all small 
and low. 

j^racture partly straight, partly cHrVed foli- 
ated ; the fragments of the former tend to the 
ihottiboidal form \ of those of the curved to^ 
liatedi indeterminate^ 

Hardness 8, brittle. Speeific gravity, 8,837, 
per Brisson \ yet that of the specimen> Leske, 
O. 1504, had its specific gravity only S,396. 
' It consists of ^ group of yellowish pyramidal 
crystals seated on a porous incrustation, proba- 
bly of the same substance ; that examined by 
•Mfi Brisson wd6 a solid rhomboid; ^ 

It effervesces with acids, sometimes briskly. 
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12 An. Chy. IQ5. 
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the nitrous acid leaves on it a yellow stain, 

. |l freqUjwtly ^n^wft d^Oompps^ hy txpowre 

to the atmosphere. 

Wli9n liMiWd, i( decr^pit«.tesi an4 b^covies 
re4 9r l»fown, %q4 often ipagoetH). I9 a striHHP 
Kefit^ tl^ Vfhite transparent crystals lose nbouit 
dJfS^ of ^w ¥(eigfct; 0>40 being fixed Wy 
imd 0^05 wi^t^r. 40 Ro^. 1^. For tt^ ^mof- 
{]^0V% sf e tfa^ specimen l-es^:^^ S. 178 aci^ 772, 

It cQAdii&tf of v«ri9,ble yifqportions o^f aecated 
jSaJ^jt aejat^ ipai^anese^ a|id iron. ;. 

This stone hs^tUbi^e^ so l^ag n^istalyn by wiy 
aeli wA otbers, ^hf^t a Ipi^tory of the opinions 
jQWC^roioS U tp^^y be somewhat inteiesti^g. 
. R^fi^e ^ |<isle is the first who has ftyov; any 
thin^ like a description, of it in tbe firs^t ^cIiUa* 
6f hifii Crystakgraphy, A. 1>. 1773. Hfi tbere 
IffjAf Ma it «<9|isiAt4 pf a, number o^fprysti^li^pr T#r 
^f ]^u4i|n^t5 of wyst^itls beeped W e^h ^tbei:> 
^i % li^v^^y vvhiJ^«* gQldei^ bue^ slvA. wHs it 
pearly spar; but he totally mistook its m^^Wt^y 
.ii^s he reQl^M^c^it among tbe flu^spars, p^ ^55. 

In tb^ ye%r 1778, Mr. WquISb r^ad a pfi^per 
JM»fQre^b4]^ral8<^eiety9^ L^ p.i;iAt«d in 
the Transactions of 1779> i^ wbif b be^v6^.a 
much f^lljier acc9W>t of thi^ ^to^^ wbi<?K he 
considers ^A a nqr^ri^script. It forays, be ^1^ 
us^ fiatrb^i^mbiQ^i^l crystals^ a|R|4 dJuscoYers great 
va,riety of coWvrs, b^ing faujid ei|hjer ^hite 
and semi-tfQjispiiFent^ or paa^l coloured, pr tfi^ 
disb^ pr of 4ifterent^ shades of biow^ or yeUpw:; 
some of the Uistre of gold>. bf^ss^ on Cjppper. 
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* Bcrgm. I. 17S9, I89. 7 R02. 224, 220. Ph&. •Rans. 
1779* 39. Thatof Leske, O. l^Ot «ffiirv«gcQt briskiy* though 
not 10 itrongly as calcareous spar. 

' Its 



Its bar dnesg only ifif«rior to quartx or fel^ar^ 
knd etkv\e%eing with the Ibree niiiieral acids. 
He tfa«fi proceeds to its analysis^ which, making 
altowaiice for the time ( manganese being then 
in a great mearare unknown)^ kat undoubtedly 
great merit. He distinctly proved tke existence 
of calcareous earthy of magnesia, or some new 
substance with which the vitriolic acid afforded 
white rbomboidal crystals of a styptic bitter 
taste, and iron;; whence he concluded that 180 
grains, of this spar contains 109 of mild calx, 
63 of magnesia or some new earth, and 8 of 
iron * or 100 parts of the spar contain 60,5 mild 
calx, S5 of this new ear Ih, and 4,4 of iron. 

By this account, I was led to think this spiir 
contained magnesia as well as calcareous earth, 
and hence, in my former Elements, 1 called it 
compound spar. 

In the mean time, Mr. Rom6 de Lisle, in the 
second edition of his Crystalography, made a 
nearer approach to the true nature of this stone> 
though he still mistook it. He tells us, p. 616, 
&19, 632, that it frequently passes into the 
sparry iron ore. This observation at once 
opened to me its Irilie composition, for, the 
agreement of his decomposition with that of 
Mr. Wotilfe persuaded me that his spath perle 
was that new spar described and analyzed by 
Mr. Woulfe, who indeed stispected some con« 
miction between it and the sparry iron ore, 
though a fallacietus experiment afterwards itH 
duced him to deny that this ore contained cal-* 
careous^ earth; but the experiments of Mr. 
Bayen and Mr. Bergman prove that point be* 
yond contradiction. 

Lately Baron Bom, in the catalogue of Am 
fossils of Miss Raab^ thoDgh^weU aware that 

,' H 2 the 
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the spdth perle of Rome de Lisle was tbe saHi^ 
a^ the braun apaih of the Germans^ and Aat 
this latter contains man^nese as well as mild 
. caix^ was nevertheless persuaded that the stone 
analyzed by Mr. Woulfe was totally of a dif- 
ferent nature^ and that it really was composed 
of mild calx and magnesia. To this mistake I 
was, I must own, in a great measure accessary, 
as I did not meiftion that Mr. Woulfe himself 
suspected that what he call^ magnesia wi^s not 
true magnesia,^ but a new earth. A stone^, how- 
ever, of the same nature as that which I had 
wrongfully ascribed to what I called compound 
spar, Baron Born asserts, has been found in 
the valley of Zillerthal in Tyrol, in a steatitic 
rock ; the description he gives of it exactly cor- 
responds with that of Mr. Woulfe, exc5ept that 
it neither ciTervesces nor dissolves in acids, both 
which Mr. Woulfe expressly says the stone de- 
scribed by him does ; the Baron, therefore, in 
all probability was deceived. 

1 . From what has been said, it may be in- 
ferred that braun ^par, or sidero-calcite, exhi- 
bits in its composition various gradations to ov 
tVom the sparry iron ore ; like this it sometimes 
effervesces with acids, and sometimes this effer- 
vescence is scarcely perceptible. Bajfcn Mem. 
FArang.9, 704. 2Bergm. 198. 2. Thepro- 
portion of calcareous earth varies considerably 
to thi$ ore, so that sometimes it contains no 
more than 2 or three per cent. ; and hence it 
e&caped the action of tartar vilriolate in Mr. 
Woulfe's experiment; for, if selenite were 
formed^ yet a few grains of it would remain 
dissolved, and afford no precipitate. 3. This 
ore contains manganese, and it is this which, 
with the vitriolic acid, formed white bitter 



» * t ' * 



• t 



VSRBI CALCIT£. 101 

rhonvboidal crystals in Mr. Woulfe's experi- 
ment ; to this the fatiscence^ or efflorescence^ 
er decomposition^ of the sidero-calcite is ow- 
ing. 4. The varying density of this stone is 
also an evident consequence of its varying com* 
position as well as texture. 

Sth Species. — Mixed with a notable propor- 
tion of iroii. 

Ferricalcites. — Reddish, yellowish white, or 
brownish j^llow, or brownish red, or dark or 
yellowish brown, or brownish blue. 

• liUstre 0, 1 . Transparency 0, Fracture ge- 
nerally slaty, often granularly foliated. 

Hardness from 7 to 8. Specific gravity from 
2,8 to ^,9, 

Moulder by exposure to the atmosphere. 
Eifervesce with acids. 

They contain from 7 to 14 per cent, iron, 
and most frequently a proportion of clay; but, 
after the calx, iron is the characterizing ingre- 
dient ; some, however, only contain so much as 
to render them capable of decay. These are 
rift}', and present numerous distinct concretions. 
See the specimen in Leske,^ S. 530, &c. 

L A brown foliated limestone, found near 
Habenstein in the Hartz; it is fusible per se, and 
consequently contains clay. Its specific g:ra- 
visy 2,848. Lasius 193. 

2. A brown iron-^shot limestone, consi^^ting 
of entrochites cemented together by a ferru- 
ginous cement. Its specific gravity 2,883. Ibid. 

3- A bluish limestone of a slaty struct^iri^, 
which ac4}uires a rusty colour by exposure to 
the air, and is fusible by the blow-pipe. #2 
Sauss. 187. 

• 4. A yellowish white limestone, of a granu- 

u3 l»r 
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lar or foli&ted texture^ which bccMies hrawi 
bj exposure to air. By caicinatidDy it tosea 
from 20 to 50 per cen4. of its weight It oob- 
tains about IQ per cent, of iroQaud maoganeye. 
Foottd at Hsllefors in Sweden. Sekwed. uibr* 
hand. 1754, 291. 

5. A red limestone^ found also at Hasllefors^ 
eontaioe 10 per cent. iron. Rinm. § 189. 

6. A pale red or yellow liraestone, .found at 
RyUershutten in Sweden. Its hardness 9. Spe- 
cific gra.vity 4»988. Does not effervesce with 
acids ; becomes magnetic after roasting; and 
contains^ according to Messrs. £lyart> about 
51: per cent, pure calx, 24 iron^ and 22 silex. 
Schzved. Jbhand. 1784, 121. 

. 7. Greyish red compact limestones of a po- 
rous texture^ almost passing into sand stones> 
void of lustre and transparency, with an earthy 
fracture, and resembling mortar^ as in Leske^ 
S. 132. See also Derivatives. 

9th Species. — Supersaturated with fixed air^ 
and frequently phosphorescent. 

Dolomite, — \stFamily. — Common Dolomite. 
Dolomie of Saussure *. 

Pure or greyish white, or yellowish white, 
or light red . 

Lustre 0/ 1 . Transparency 1 . Fracture con- 
choidal or granularly foliated. 

Hardness from 8 to 9. Specific gravity ftom 
2,85 to 2,862. 

It effervesces slowly with acids unless pulve-* 
rized. 

Does not wither by exposure, to the atmo 
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isflbl»t. Pbosplioreices hj collisiotieilkeritgaiMi 
another^ or on foeinr scraped by a knife ; but 
this property k nbt round m all of thmi . Duly 
caMned^ it lofteftO>46 or 0^47 of its weighty atitf 
is converted into lime *. By the analysis of Mr. 
SaosMine> the younger^ 100 parts of it contain 
44,29 of calx, 5,86 argill, 1,4 mkgnesia, 0,074 
iron, and 46, 1 of fixed air, 

HeAce we see that the lime in this stone is 
united to a much greater propoftion of fixed 
Alt' than in other limestones ; 100 parts lime in 
Carrara marble take up 66 of fixed air, but- 
iti this stone 100 parts lime take up above 100 
parts of fixed air« Does not this proceed from 
its containing an etcess of the car)>onic prin- 
ciple? 

Mr. Dolomieu has the nlerit of having first 
drawn the attention of mineralogists to this sort 
of limestones^ Hence Mr, Saussur^, junior, 
has distinguished it by the name of this justly- 
celebrated Geologist. His analysis is replete 
with many new and important observations. 

In 1 Bergm. I, for 1793, p« 318, we find also 
a yellowish spar mentioned, whose form is ta- 
bular and expanded, consisting partly of granu- * 
iar and partly lamellar distinct concretions, 
which efiervesce very slowly with acids. See 
also Voight, Mineralogisch, AbhandK 54. 

2nd Variety, — Elastic Marble f . — Colopr 
somewhat yellowish white. Surface rough and 
uneven. 

Lustre 1. Transparency L Fracture verg« 
ing from the compact to the granularly foliates 
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f 41 Rot. 86, by Mr. Fleuriau de Belvue. 
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Htrdness from 6 to 7^ bri^tU, Sp^cifi^ gcavitj 
2,836. 

When iU length exceeds 10 ox 12 tildes its 
thickoess, it is slightly fle;(il;^l^jmd very per-* 
ceptibly elastic. 

It phosphoresces when. struck in the darkj 
or when laid pn fed hot iron. 

It absorbs about ^of its weight of water 
heated to 70q ip three qui^rters of i^n hour ; spe^ 
cific gravity is then 3^850. 

It effervesces and dissolves in p.cids still more 
slowly than the former variety. 

By the analysis of Mr. Saussure^ junior^ it 
contains 0,322 of calx, 0^,175 argill and iron« 
0,03 mica, 0,0035 n^agne^ia, and 0,4638 fixed 
air. Note, the iron scarcely exceeds ^^^ of the 
whole, Here also we find the pure caicarepus 
part highly 3upersaturatedwith (ixed air ; for, 
as 32,2: 46,38:: 100: 144. + 

It was first observed in the Borghese palace 
at Rome, and lately on Mount Crothard ip 
Switzerland, 

* 

Observations, "^Any stone of a fine grain, 
considerable hardness, and which admits of a 
good polish, is in general called marble; but 
tpis denomination is npw ipostly confined to 
aerated limestones. 

White marbles, and transparent spars, are 
reckoned the purest of the aerated species, and 
among t}i^ former that of Paros ana Carrara ; 
but this last we have 3ccn to contain a slight 
proportiofi of argil} and mountjiin crystal ; and 
some pt|.rts of its immense beds, I am informed^ 
are remarkably replete with siliceous particles, 
Exposed to a heat pf 7009 Fahr. for seyeral 
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bouts, it loi€8 but rmj^ of its weighty tliere* 
fore coutaiBS scarcely my water. 41 Ro?:. 96« 
The white marble of Stannoyai^ near Cathar* 
-inenburg in Siberia^ contains^ according to Mr. 
Cec^gi, 93 per cent, of mild calx^ 6 of silex, 
^nd 1 of argill. It is the same as that brought 
to Paris by Abbe de la Chappe. Specific gra^ 
vity 2,7185^ per-Brisson. Abb£ Poda is said 
to have discovered it in a portion of aerated 
barytes. 1 Raab^ 387. 

Black marble frequently contains iron ; in 
that used in Paris^ Mr. Bayen detected 5 per 
cent, of iron ; but it derives its colour from bi- 
tumen most probably^ for it affords a white 
lime^ 11 Roz, 4%, The specific gravity of 
fine Italian marble is 3,712. 

.The Chinese sounding stone^ called Hion Chd, 
or Calcophonos of Piiny^ ' is of this species^ 
The Duke de Chaulnes has shewn it to consist 
of calcareous earth, with bitumen and iron. It 
has mu^h the appearance of basalt^ 6 Mem. 
Chin, Thorough black marble is very scarce. 
Some black marbles willnot melt even by the 
liid of pure air^ others will, £brm. $ ^0. 

ijirey marbles, or limestones^ appear to be 
the lighest. I found the specific gravity of a 
grey marble from Saxony only 2,700. It con* 
tained 42 per cent, of an ill smelling fixed air. 
. Pa^e red lime^toneSy I believe, arc mostly 
doloinites, Ouie from Tiwdi in Finland aftbrded 
Mr. Georgi 96 per cent, of mild calx, 1 of 
silex, 1 of i^Tgillj a,ud 1 of iron. It gave fire 
with steely effervesced with acids very slowly, 
and presented a fracture like quartz. 1 Act 
Petrop. 1782, 276. 

Yellow orange marbles are much lighter ; the 
fpecific gravity of that of Arragop is ^,67^. of 
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old Castile E,69i, of tUt of Ld^^lt t,7093 <>f 
thtt of Latnancba^ wbidi aMflM Mfiipoied of 
minat^' globulea, 2,7bO, of th« yellow Ititrble 
of Sienna 1^677, Briton. It wai fttind by 
Mr. Georgi to contmitt 93 per eent. of ml\d 
tMlx, 3 sileX, 2 MTgiUy 1 nmgneita^ and 1 calt 
of irofi. 

' Green marhleStLre said to be very scarce: 
according to Rinman^ $ 206, they derite theif 
colour from shorl; hence they are generally 
fusible^ Ehrm. $ 210. The specific gravity 
of green campan is d^74] . 

Slue, or deep blue, h certainly the tarest 
coll^ur among marbles ; that of Carrara^ called 
Bardiglio^ has its specific gravity 3>71d. . The 
dove-coloured or greyish blue is very comftion j 
that of Goroioctschit, in the Ouralian ridge of 
Gatfaarinenburgh^ contains^ by Mr. Oeorgi'i 
account^ 86 per cent, mild calx^ 4silex^ 3 ar- 
gill^ 6 magnesia, and 1 calx of iron. 

Violet marbles or limestones tary mueh in 
density ; that of the violet marble of Valentia 
is 3,656, or S,660; that of MaffVa, near Lis- 
bon^ 2,723; that of Rome 2,755. 

The variegated marble of Florence oWes its 
deatritical figures to manganese. I Ghy. Ann. 
1786, 57. 

The marble called Lumachelli, found at 
Bleyberg in Carinthia, owes its splendour to 
shells agglutinated by a grey or broven calcare^' 
Ous matter withargill and iron. 

Besides the characters arising from texture 
and colour, there are other distinctions arising 
from composition, which are of considerable 
importance for oeconomical purposes; for in-^ 
stance, the distinction of fat and meagre lime* 
dtones^ as tlie workmen call them . 

The 



'niefat, ortiiose wliieh being eonTerted into 
lime take up the greatest quantity of sand^ are 
much esteemed by mercenary architetis^ as sand 
is the cheapest ingredieat. 

Meagre lime takes up less sand, yet forms a 
harder mortar even in water. Mr. Sitieaton re* 
marked^ that all stones which aflfbrd a buff-co* 
loured Ikue are of this sort. Eddyatooe, § 171. ^ 
So also are those that afford a dark or blackish 
lime^ accordiug to Mr. Bergman^ who first dia* 
covered that this ^operty proceeded from the 
manganese contained in the lime, 2 Berg. 2S9» 
It is however said, that a certain proportion of 
silex and iron pre-existing in the stone, con^^ 
tributes not a little to this property, 2 Sauss. 
115, 140; and much I believe depeiids on the 
state in which the iron exists in it, as shall be 
seen in treating of Pouacolana Of the stones 
in which this property has been principally no^ 
ticed, authors have given but a very imperfect 
description. I must, therefore, r^eat it in 
their own words. 

1 . The Stone cf Lena in Upland, mentioned 
by Mr. Bergman, is grey, mixed with greenish 
white particles, and very hard; generally in-^ 
vested with the brown calx of manganese. It 
loses 0,39 of its weight by calcination, and afV 
fords a brown lime« I believe all limestones 
invested with a brown crust are capable of pro<« 
ducing.the same effect. The presence of man-> 
ganese is discovered by melting these stones 
with double their weight of nitre ; the manga-* 
neae^ if any there be, will leave a green trace on 
the sides of the crucible. 

2. A dark grey, compact^ and exceeding hard 
stone, from Brion in Burgundy, presenting in 
its fissures some brown friable matter. It loses 

0,39 
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0,39' of its T^eigbt by calcmatioii. 2 Mem. 

jon, 1783, 93. 

3. A skfj-blue Hone, -with shining paTticle8> 
found at Aberthaw, in Glamorganshire^ gives a 
baff-*€oloured lime, and contains about \% per 
cent, of a bluish clay, "vvhich reddens when caK 
cined. 
. Meagre lime isreckoned the worst for manure . 

Ail limestones/ as we have seen, contain fixed 
air. Fixed air is now known to consist of pure 
Air and charcoal, the carbonaceous principle, 
most probably in the proportion of 72 of the 
former to S8 of the latter ; but limestones are 
as ancient as the creation ; therefore since they 
always contained fixed air, charcoal must alsot 
have been an original principle, and being so, it 
most probably enters into many compositions in 
which it has not been hitherto suspected. Over 
and above that, combined with pure air, it cer-» 
tainly exists in shells with which compact lime* 
stones abound, and I believe in all limestones of 
the darker colours. It is certain that all these 
stones emit a bituminous smell by friction,. and 
many of them contain other traoes of bitumen ; 
now bitumen essentially contains the carbo^ 
naceous principle; hence we tee that lime, 
formed in close vessels, is never perfectly white, 
for the coaly principle remains unconsumed, that 
is, uncombined with pure air, with which in 
close vessels it cannot come in contact. Is it 
not from coal thus existing in lime that the me- 
pfaitic air proceeds, which Dr. Priestley ob- 
served to succeed the production of fixed air ? 
for charcoal is known to absorb and retain me« 
pbitic air. 6. Pr. 226. Hence also Dr. Hig- 
gins found that one-^thirty-^ighth part of the 
air yielded by limestones is mephitic air. On 
Cements, 8. 

10th Species. 



l(Hh SpecHiS. — Ceoibmed ^rith tlie vitrielie 
acid. 

Gffp^um- Stl€nite.\ — It is soluble in the tem- 
peratufe of 60o in about 500 times its weight of 
vrater ; but to effect this solution io a moderate 
space of time, it is requisite that the gypsum 
be presented ia the state of fine powder, other* 
wise it will be V'CFY slowly effected ; but in boil- 
ing water much more of it i|3ay be dis6oked> 
which will precipitate <m cooling;, so that no 
more than to? or ^9 will remain in solution. 
The calcareous earth is preeipitable therefrom 
by caustic fixed alkalis, but not by the caustic 
volatile ;> and the filtered solution affords tartar 
vitriolate, or Glauber':} salt. 

When pure^ it does not effervesce with any 
acid^ and is scarcely soluble in any of them, 
except the concentrated vitriolic^ which, when 
heated, and particularly when boilings takes a 
large proportion of it*. Per Morveau^ 18 
Roz. 303. 

Artificial gypsum, so far dried as to retain its 
glassy appearance, contains 34 per cent, of mere 
calx^ 48 of the strongest vitriolic acid, and 18 
of water. Mr. Lavoisier found 9 parts natural 
gypsum, to afford by distillation % of water f, 
which agrees very nearly with my determination 
of that contained in the artifiqial : but some 
sorts of gypsum contain a mixture of mild calx, 
which is foreign to their constitution, and there^ 
fore effervesce with acids. This sort of gypsum 
seems to have been formed by precipitatioo from 
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* Yet £eaume says, tliat dilute vitriolic acid dissolves ^ of its 
weight of gypsum, 1 Beaume. 273 ; and tliat dilute nitrous acicL 
and marine acid also, and vinej;ar dissolve it as water. 

f Mem. Scav. Elrang, 

tome 
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iMse olh#r acids, and its proportion of ingre* 
dients is different from that found in the foriBer> 
as I have elsewhere shewn. Most gypsams also 
ccmtain about 2 per eent. of iron, ai^ seteral^ 
more ; besides a small proportion of sitex and 
argill. 

The easiest method of decomposing gypsum 
is to boil it in a solution of milk alkali. 

In a clay crucible gypsum metts at about 
ISO^ Wedgwood, but it is infusible on coa) or 
in cbalk crucibles. By a blow-p^)e it may be 
reduced to a globular form^ if the blue Same 
plays on the edges of the lamella^^ because the 
acid is then conTerted into sulphur. Macquer 
found the purest gypsum invitrifiable by solar 
heat ; that of Monmartre seemed to yield, but 
probably was not pure. Eren the heat excited 
by pure air, if continued long enough to dissi^ 
pate the acid^ cannot vitrify it ,* and as the ex- 
periments on its fusion, by Mr. Lavoisier and 
Ehrman, were made on gypsum lying oa char- 
coal, it is probable its fusibility even then pro- 
ceeded from the conversion of the acid into 
futphur ; yet Geier asserts it is fusible by pure, 
air when held in a tongs. 

When powdered and heated a little below ig- 
nition, it undergoes a motion similar to that of 
ebullition from the eruption of the water of 
eryttallization ; if taken up as soon as this mo-* 
tion ceases, and then sprinkled over with water, 
it sooo concretes and hardens by re-assuming 
and crystallizing with the water it had lost. 

Its hardness is from 4 to 5^ and its speciie 
gravfty* according to Hnsson, from S, lor to 
1d,9i I ; if higher^ it is impure : but he seems 
not to have seen a lighter sort, \rhich is called 
alabaster^ whose specific gravity by the trials 

of 
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«f the PUlQMiiJiiei^l 8t>ciQt} of Ox:fiMr4/ra4 mt 
Mr. Wurd, ii LS72. Mr. Btiww applm th« 

term alabaster only to certain calcareous ^pari^ 
foUowiixg Mr. D'Aubantoa, ia Mem. Par. 
1764. 

Of this species I distingui^ 4 families: 
tjbe Fat i^aceoua ; the Cocppaot ; the Fibx^us^ 
orttriated; iMnd the Foliated. 

Ut FamUfj. — Farinaceous Cf.M>«wm.-- White. 
Lu9tre 0. Traiispareocy 0« Of the consistence 
tf meal. Will not form an adhetive c^mere* 
tion^ Mhaif-powder does, without being wetted. 
FeeU dry and meagre. Is not gritty between 
the te0th. Scarcely sinks « water, tmd, when 
it does, becomes 3limy. SUghtly effervesces^ 
but is Scarcely dissolved by nitrous acid. When 

hmted a Uttie below redness, becomes of a 
dassftlipg vrkite. Lazius, 238. 

2nd Family .-^Comjfiffit Gyp$um. — Oi^hter 
Gypttein of Weraer. Alabuster. 

Greyish or yellowish white, or yeUowiih grey> 
or bhiish grey, or greenish grey, or olive gr^en, 
or wine or honey yellow^ or light or dark red. 
These crol^urs often meet iu the 9ame ^eim^9 
m spot^ stripes, or veint ; brown s^ois alsio often 
occur. 

Lustre 1 or 0. TraniipareQcy 3j I, 0. 

Fractur^e compact^ mosUy splintery, sopie- 
times passiog into the fine^graiped foliatiodi 
Fragments 1 or 0. Hardness 4. Specific gra- 
vity from 1,878 to 2,«88. Feel^ dry, but not 
liarsh. . Does, not d^ropitut^ when heated. 
Often effervesces, though slightly, with acid9» 
litobably ttwk % mixture of aorat^ calx. 

Mr. Nadault fouAd 2Ui» of gyptum tP cm»* 

tain 
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tein 96. grains of nitre^ beside common salt^ 
Buffbn^ Mineraldgie^ 8vo. p. 70. ; but thid ii» 
merely casual. 

The specimen, Leske^ O. 1547j is \?hite,' iW 
specific gravity 2,347: but the specimen, Oi 
1548^ eflrerresces smartly^ though for a «hort 
time : its specific gravity is 2,315. Hence wig 
see that the mixture of unsaturated calx ren** 
derJ it heavier. 

The specimen, Leske, 0« 1551, is hard as 6 
or 7 . Specific gravity 2,939. It is said that it 
is intimately mixed M^ith swine-stooe ; but thi9 
does not explain the reason of its remarkable 
density ; perhaps it contains stronthian instead 
of, or with^ common calx ; but as it does not 
effervesce with acids^ this is also doubtful. 

3d Family. — Fibrous, or striated, -^Yfhtte, 
or greyish, yellowish, or reddish white> often 
grey or flesh red, or honey yellow. Sometimes 
these colours meet in stripes. 

Lustre 2, 3. Transparency 2, 1^ 3. Frac- 
ture fine or coarse, fibrous or striated^ the 
fibres^ &c. generally straight and parallel, yet 
sometimes bent. Fragments long splintery 1. 
Hardness 4, brittle. Specific gravity 2,300 

Does not decrepitate when heated ; never 
effervesces with acids ; when polished^ becomes 
iridescent. 1 Raab, 346. 

The specimen in Leske, O. 966, is much 
harder ; it does not yield to the naiL 

^th Familjf. — Foliated. — Of this there arc 
two varieties, the small-grained and sparry, and 
the broad foliated. 

\st Variety, — Granularly Foliated, -^^IbX^: 
triger gypsteinof Werner. 

Greyisli 
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' . Orejrisb or yellowish. Mffcite, or yvUowidi^ 
bluish^ or greenish blackish grey^ or light or 
dark fle^b red; or browo^ or olive green. 

Lustre 2^ 3. Transparency 2^ 3. Fracture 
foliated^ straight^ but mostly somewhat curved. 
Fragments 0^ 1. Presents fine and coarse 
grained^ often straight or curved distinct con* 
cretions. The fine-grained easily crumble and 
separate like sand stones. 

Hardness 4,3. Specific gravity from 2,274 
to 2,310. Feels soft. 

This and the compact are frequently mixed, 
and pass into each other, and ( though rarely ) 
the fibrous and foliated meet and intersect each 
other at right angles. 

The specimen, Leske, O. 1552, varies much, 
from this description, for its hardness is from 6 
to 7, its* fragments 3, and its specific gravity 
2,900. It effervesces briskly with acids. Its 
fracture partly fine splintery, and partly fo- 
liated. It is evidently impure, though its co- 
lour is nearly p.ure white. 

Many stones of this family may easily be 
mistaken for limestones, without much atten- 
tion. See the specimen in Leske, S. 620, 621. 

2nd Varieti/. — Broad Foliated. — ;-Specular 
gypsum: Fraueneis of Werner, Glacies 
Marias. 

Grey, or yellowish grey, sometimes falling 
into the pale yellow. 

It is found amorphous, or crystallized into 
hexagonul prisms^, terminating in an edge, or in 
rhomboids or cuneiform, tabular, or lenticular 

In the crystallized, the planes which form 
the acute angles are streaked longitudinally, 
those that form^ the obtuse are smooth. 

VOL. I. I Lustre 
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Lmire glftssy, 4, 3^ 8, TrMfl|»Bf«nie]f 4^ 3. 
Fracture »traig^^ or cwrved foliated . ' 

Hardaess 4. Specific gntfit j ^31 1 . 

It is often pehetrated with swine stone (as it * 
is said ), which diminishes its t^aospareacj^ and 
gives it s disagreeable smelt wheti rubbed. 
Karsten on Leske^ 993. Maqumrt 434, 

it is foand in great pletity^ lind of an extra* 
ordinary size^ in Russia^ if vrt may credit Mr. 
Cruetard^ Mem. Par. 176£^ p. 861^ 8to. and 
Mr. Maquart, p. 403, both of Whotn have tra- 
velled into that empsre : it is there used instead 
of glass for window panes; nevertheless^ Mr. 
KarslM assures us this is eihs&luttty false. 

Gypsum mixed with marl is often found in a 
slaty form. Of this sort is liie specimien^ Leske^ 
8. 259. Its colour is bluish grey^ and gireyish 
black. Lustre and transparency 0. Fracture 
slaty. Fragments 3. Hardness 7. Specific 
gravitv 3,473. Heated to redness, it becomes 
reddish white. As the specific gravity is so 
low, I presume the gypsum predominates. Some-- 
times it is mixed with the small foliated, as in 
Leske, O. 36; the lamells are eoarse and more 
imperfect. 

Wth Sptctes. — Combined with the sparry' 
acid. 

JFinor, — Phis of Werner. — ^iFhis stone is 
nearly insoluble in water. It does not eflfervesce 
with any acid, except the concentratttd vitriolic 
acid, and with that but feebly. The nitrous and 
marine acids, in tlie common ttavperatvire cHT 
die atmosphere^ are not absolutely ini^with 
respect to it, but scarcely dissolve it without 
decomposition. Itia tasohible m the ae^Oovis. 

In 



In s m«4Mate hei^^ it deei qp^atei ; and if 
pulverized^ phosphoresces^ particularly the blue 
or purple coioured ; but^ if heated to redness^ 
it will never afker phosphoresce. Ib a heat of 
130'' of Wedgwood> it uielts in clay cruciblesj 
or^ but less perfectly^ in those of chalky but oa 
ebarcoal very imperfectly. By eoneetitrated 
solar heatj or that given out by pure air> it 
melts into a button^ which is generally white and 
opaque when cold ; if that heat be l<Nlg conti-^ 
nueoj it becomes less fusible. Hence^ in the 
heat of our fttrnaces> it does not part with its 
acid. 

If it be distilled in glass or earth^i vessels 
with the mineral acids^ it emits an acid air^ 
which corrodes the vessels^ and deposits a sili- 
ceous crust on the water in the receiver^ which 
absorbs this air ; this is the most certain charac- 
teristic of the acid . The vitriolic concentrated, 
and taken in equal weight with the stone^ is the 
acid most usually employed ; a gypsum then re- 
mains in the retort. 

Hardness from 7 to 8. Specific gravity 3,09 
to 3,19. 

100 parts of this stone contain about 57 of 
calx, the remainder acid and water> in a pro- 
portiisn not yet accurately determined, and a 
small proportion of argill> silex, and ircm, with 
some traces of marine acid^ and sometimes of 
CDbah. 

▲^inst the existence of the ^nurry, as of an 
acid &ii gMeri$, many, difficulties were started 
wocm mlbtt its di3o<n^ry by some French che- 
anstt, disguised under fhe mint of Boultnger, 
aid a&erwavds by Mr* Achard and Mr. Mon- 
net. T^ veno^^ thosoy Mr, Scheele instituted 
a new aenes oi eftparinmvtSy whiolt not only 
impxaesed the fullest conviction of the object 

I 2 they 
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they were meant to illustrate/ but ence more dis- 
played the unrivalled abilities of the illustrious 
discoverer, and the infinite resources of his art. 
Sorry I am to a^dd, that, since the death of this 
admirable man, a man as eminent in the chemi- 
cal as Newtdn in the mathematical branch of 
natural philosophy, Mr. Monnet has thought 
proper to renew his attacks in a style of haugh- 
tiness and acrimony that inspires infinite disgust. 
The fallacy of his reasoning is sufficiently eK-^ 
posed by Mr. Leonhardy, in the 6th volume 
of his late learned edition of Maquer's Die- 
,tionary. 

Of this species we Have 3 families : the 
Sandy; the Compact; and the Foliated, or 
Sparry, 

\st Family. — In a Sandy or Earthy form^, 
— This has been found only at Kobola Poiana, 
in the district of Marmaros, in Hungary. It 
is of a light grey colour and loose consistence ; 
when strewed on an iron plate heated a little 
below redness, it diffuses a blue or pale yellow 
phosphoric light. According to the* experi- 
ments of Klaproth and Gmelin, it contains the 
fluor acid singly, and not the phosphoric*. 
Mr. Pelletier found 100 parts of it to contain 
31 of silex, 21 of calx, 15,5argill, 28,5 sparry 
acid, 1 of phosphoric acid, and 1 of iron. In 
an unconnected substance of this sort, different 
specimens must undoubtedly contain different 
proportions of ingredients, among these. the. si- 
lex is evidently adventitious, the phosphoric 
.acid being in such small quantity, may be found 
in some specimens, and not in othersu. Mr. 
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Hitssenfratz discovered vestiges of it in most 
fluors*. 

2nd Family. — Compact, — Whitish grey, and 
thence passing into the verdigris green. Lus- 
tre 1, % 0. Transparency 2, 1. Fracture 
splintery or even. Hardness 8, very brittle. 
Specific gravity from 3,12 to 3,165. 

3d Family. — Foliated, or Sparry. — Fluor 
Spar. — Its colours are very numerous, pure and 
greenish vrhite, or yellowish or reddish vj^hite, 
or grey or bluish grey, or light or violet blue^ 
or grass, leek, or olive green, or dark red verg- 
ing to purple, or purple inclining to black, or 
wine or honey yellow, or yellowish brown. 
Many of these occur often in spots, blotches^ 
or veins pervading the mass of one and the same 
specimen. 

It is found either amorphous or crystallized • 
the most usual of the crystallized forms is that 
of a perfect cube, the angles or edges rarely 
truncated or bevilled ; these last have some* 
times concave planes. The octobaedral form is 
also sometimes met with. See Mr. Rome's de- 
scriptions. 

Its surface mostly smooth, or frosted ovfcr 
with minute crystals. 

Lustre 2, 3. Transparency 2, 3, 4. 

Fracture foliated, generally straight, seldom 
curved ; some parts, however, are found splior 
tery, as if passing into the compact. 

Fragments tend to the form of triangular dr 
quadrangular pyramids, present coarse or small 
grained, seldom prismatic, distinct concretioas. 

* 9 Ann. Chy. 22S 

1 3 Hardt 
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Hmrdneis 8, very brittle. Specific gravity 
3,09 to 3J9 ; that of the specimen, Leske^ O. 
1613, is 3,154. 

l%th Specie 8. "^Combined "with the phospho* 
lie acid. 

Phosphorite. ^^It is nearly insoluble in ivater. 

It is attacked by the concentrated vitriolic 
frequently M^ith some effervescence, but it is ra- 
ther decomposed than dissolved ; and the aele^ 
nite deposited soon protects the greater part of 
the phosphorite from the action of this acid. 

It is soluble in the nitrous and marine acid^ 
sometimes with scarcely any effervescence.. In 
the latter it often appears gelatiilous. It is in- 
soluble in the acetous. If to a solution in these 
acids the vitriolic be added, a selenite will pre* 
cipitate ; and, the filtered solution being eva* 
iporated, and the selenite deposited during eva- 
poration removed, the liquor, farther evapo^ 
rated, will assume the consistence of honey ; 
and, being mixed with as much charcoal as 
gives it the form of a powder, and distilled^ a 
phosphorus will pass. 

^y a moderate heat or tritura'tion itphos«- 
phoresces, but by a stronger heat it doses this 
property. If reduced to powder it will not de- 
crepitate, which it does when in larger grains. 
It IS scarcely fusible by the blow -pipe, even 
assisted by alkali, microcosmic salt^ or borax. 

It contains calx and phosphoric acid nearly in 
the proportion of 3 to 1. It is commonly con- 
taminated with silex, aerated calx, iron, muria*- 
tlc selenite, fluor acid, and sometimes manga- 
iiese *. A ccord i ng te Mr. Hausen^ erystalliged 



^0mtmmm'mam,^m^mfm^ 



* I Bexgm. 1. 17QQ, %i. 2 Ann. Chym. 94. 
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phoaphorite be t— lei electt ic by frietioft vritk 
weollen doth *. 

Its external characters are as foUov: 

Ut Family. -^Pho9phorite. Apatite of Wer- 
ner. — Colour §frey, pearl grey^ or green of va* 
rioos degrees of intensity^ mountain^ leek^ As- 
paragus^ or olive^ or clove brown^ or interme-* 
diate between the flesh and rose red^ or light or 
deq> blue^ or purple or iridescent ; two of these 
colours often meet in the same specimen. That 
found ill Spain is generally grey ; the other cq* 
lours are more frequ^t in Germany. 

In Spain^ it is found in extensive strata form* 
tog entire mountaina ; these strata offer vertical 
flatted strias heaped on each other^ and often 
intersected with quartz f. Sometimes also crys- 
^llisml in Germany^ and of a greenish colour. 
In Saxony, it is found in low hexahaedral prisms 
with truncated edges and angles^ the planes of 
the sides longitudinally seamed^ or in hexangu«* 
iar tables heaped one on the other* 

External lustre % 3. Internal 3, 2. Trans- 
parency By % 4. 

Its cross fracture foliated ; its longitudinal 
.unev^n^ fi«e-^rained> or tending to the con* 
choidal % . Fragments 3. 

Hardness from 6 to 1, brittle. Specific gra* 
nrity of the whitish sort found in Spain^ before 
it has absorbed water^ 2^8349 ; after absorption^ 
%,S6S^, 7 Am:i. Chy . 82 ; of the greenish^ found 
in Spain, ^^098. 2 Berg. I. 1790> 75 : of that 
A>und ia Saxony, 3^218, Ibid. 76. The green- 

♦ % ^erg. L 1700, 254. 
f 33 Roz. 242. 

X iBeigm« 1. 1788, 89« % Beigm. L 1790^ 75. 
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ish crystals hav^ ofUn been misJadkaiL for. ^vyso- 
liteSj sometimes for berylls^ and sometimes for 
aigue marines. Ibid. . . 

The greenish crystals, whose specific gravity 
is 3,096, do not phosphor:esce when heated, nor 
decrepitate as spars do, and dissolve in nitrous 
acid With a weak effervescence. Per Werner^ 
2 Berg. I. 1790, 75. 

I find he now calls them spargel ^tein ; as 
the phosphoric acid has net yet been found in 
them, it is not certain that they belong to this 
species. Do they not belong to that of stron- 
thian ? . 

ISth Species. — Combined with the Tungste- 
nic acid. 

Tungsten. — Insoluble in water, and neither 
effervesces nor dissolves in acids. 

Pulverized and digested in a moderate heat, 
either with the nitrous or marine acid, it assumes 
a yellow colour. • - 

Exposed to the blow-pipe, it decrepitates, 
but is infusible. Mineral alkali attacks it witl} 
some effervescence, and borax without any j 
but with microcosmic salt it runs into a bead of 
a blue colour, without that redness by refrac- 
tion which is produced by cobalt. 

It is decomposed by j^ formed of equal 
parts of nitrous and marine acids in a boilini 
neat. By repeating this process with fresl 
portions of acid^ the calcareous part is at length 
taken up. The tungstenic acid, that then re- 
mains undissolved, assumes a blue colour when 
heated to redness, and Joses its usual yellow co- 
lour^ becoming white by the affusion of caustic 

volatile 



^atile alkali. Itposseabes^ iaa.wofd^ all. the 
other properties of tungstenic acid *. 

Specific gravity 5,00' M>&,07. - Hardness ttom 

8 to 9. ; 

Of Ihis fossil 4;lieFe:are a few yariekies. . 

1st Vatiely, — Gtey Tungsten, Scbeeliiim of 
Werner, white Zin-Graopen of -niaiky:- • i 

dolour/ whitish or pearl grey, rar>ely yel- 
lowish grey. .:/•.» 
- It is found both ainiwpfaous and crystallized ; 
the crystals cubic, or ^luminiform octobssdral; 

Lustre, S.2. Transparency, 2. — Fracture; fb* 
Hated. — Hardness 8 to 9. Specific gravity from 
5,8 to 6,028, which is that of the specimen 
Lcskoj O. 3261 . 

By the experiments of Mr Scheele, who first 
discovered the nature of this stone, it contains 
about 30 per ceqt. of pure calx, a few grains of 
silex and iron, and the remainder tungstenic 
acid. Scheele, §2.3. Messrs. Eluyart have 
found nearly the same proportion in the tungsten 
of Schlackenwald in Bohemia. See their Me- 
moir, § 5. in note. 

• 2nd Variety. — Brown Tungsten f . Gossan 
of the Cornish Miners ;*~Reddisfa or yellowish 
brown, or grey mixed with reddish or yellowish 
brown. 

Amorphous or forming a brittle accumula-* 
tion of soiall crystalluie graifts. 

Lustre, 2. — Trtmsparency, 0. — Fracture, un- 
even, granular, and partially splintery^ some- 
times slaty.— Hardness, 8*---Speeific gravity 

1 

• 4Berl. Beob. 321., f 4 Bed. Beob. 300. - 

5,570. 



0t «i 
•■ « 



ESI BARVTie OBHV8. 

&,SI70j^^^iTeB a powder of aii laabella yelWw 
colour. 

Aecordinir to Mr. Klaproth^ it eaataiiis 88 
per cent, of tungstenic acid^ 11^5 of pure calx^ 
and half Ji gniin of argiU and calx of iron. 

Note. The red or flesh-coloured stone of 
RylershuMe, ^hhh with Cropsted I suap^ted 
to contain the tungstenic a^cid^ is now found to 
ctasisi only of eaU^ 24: per tcent. of iron^ smd 
of silex 23. See Ferricalcites. 

This species may perhapa more justly be e^n* 
aidered as an ore of tu^gstenical substance^ of 
vhi<^ we ehall treat ia the 4th part of this 
w«rJi. 
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Xat Bfeeies. — Marottte, or luraied Saryte^. 
Wiiherite of Werner. 

This substanot^ as found at Anglesark in 
Lancasiiire^ is described by Mr. Watt^ junior^ 
aearly as follows : 

Its colour greyish white^ sometimes inciining 
to milk white^ and sometimes with a slight 
tinge of yellow^ from a mixture of iron ; sei<^ 
dom greenish^ ofken kiTMted with a reddish 
CK^hry crust. 

' l4 is found up solid masses, sometimes filling 
an Jntire vein, sometimes interspersed with hft- 
f ofliieJenjite^ firequentl v rounded or affieptwg that 
fonOj seldom crystallized. Of the crystallized 

4 forms 
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4 formg iiaVe 4iecurred. As 1'^ wall ttynifh 
radiated as a star, half an inch ia kfi^h^ 
and Terj thin, apycaring to he kexaa^laf 
pf isms rounded towards the point ; the other 
varietieg were the tix-rided column pomted vith 
a pyramid of the same number of ftces ; also 
the double six-sided and the double four^^sided 
pyramid. 

Lustre 2. Transparency 2J3. 

Fracture^ in one sense conchoidaU in another 
fibrous or striated, the fibres eonvergiag, Fngt 
ments, long splintery. 

Hardness from 5 to 5. Specific gravity fren 
4,3 to 4,S38. 

JBffervesces with acids^ and is soluble evm is 
the concentrated vitriolic m % strrag heat, but 
precipitates into baroselenite by the affusion o^ 
water, Phil. Tran. 1784, 301, and 18 Rpz. 300, 
—It dissolves in the nitrous acid 1,4 when di- 
luted with 5 times its weight of water .*«-»-Aod 
in spirit of salt whose specific gravity sf 1>Q34> 
— It does not decrepitate whenlMliad, but kMS 
its transparency^ and, whea vievred a^iMt the 
light, appears fotaish gmen. — it will not iMk 
iU air nor burn to lime in the strongest heal; 
bnt is rather disposed to melt where m contsuA 
with the crucible ; wharens ariifieial burytas 
easily burns to lime, probably because it e<»- 
tains more water . it will not tnelt «mb 'in the 
keat given out by pore air» as Mr. Lavoisier 
attests. ««^Fomreroy found it solilbln in 4S0( 
times its weight of winter in the temperatura mf 
ike atmosphere, but it requinad only ^8M tOMn 
its wetglit of boiling water* 4 JLbu Ghy* M. 
•^iLCOoriting to Hr. WitfaeriQg lOOtparts of it 
aoataiii W of fixed sir * ; nocordhig to Fossrr 

* PhiL Tcans. 1794, S98> 

croy 
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crc^y onlj 10.4 An. Chy. 65. Dr. Withering's 
determination however «eems more exacts being 
suppf^ted by a double proof. 

It'^ias lately been founds as I am informed,: 
in Argylcshire ; also on Schlangenberg in Sibe- 
ria/ and in the pit 'of Isaacfund near Freyberg 
inSaacony. • ^ 

Mr. Werner has bestowed on this fossil the 
name of Witheritty in honour of Dr. Wither- 
ing^ who first discovered it ; and for the same 
reason I should also follow his example^ were 
it not already generally known under the name of 
Aerated Barytes, The specific gravity of ar- 
tificial aerated barytes is^ according to Berg- 
nian^ 3^773. Biii he allows it a large propor- 
tion of water. 9ciagr. § 88. 

, ^nd Species, — ^Barytes combined with the Vi- 

tn^ouc Acid, 

*• ' ■ , 

Bfaroselenite. — This substance requires 43000 
tim^s* its weight of water to dissolve it in the 
common! temperature of the atmosphere. 
") ^ Itis soluble in the Concentrated vitriolic acid 
Vj9l in a boiling heat^ and precipitable there* 
firum by. the: affusion of water. Phil. Trans. 
1?84, 303.18. Roz. 300, per Sage 1 part rei 
qiliveslSiof acid for its solution. ..Mem. Par. 
1788. . > . J. 

' Hardness^ -from 4 to 5. .Specific gravity, 
when perfectly* pure; accordiBg to Afswelius, 
4,865: BtftMm general it reaches only from 
'4,40 to 4,43 ; in temperature 60" ah impure sort 
which contained only 55 per cent, of barosele- 
aite, the remainder being silex, argill, and iron, 
Jiad- its: specific gravity 3,898. The Swedish 
barbselenrtea kre yet the heaviest, their specific 
gravity generally exceeding 4,5. 

It 
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It is fusible per sehy the blow-pipe^ on 
coal it acqitires an bepitic smell; and^ wheki 
thus ntelted by pure air it (gradually dissipatoa; 
—-Mineral . alkali melts it with effervescence; 
borax and microcosmic salt with scarce any; the 
first decomposes it^ the two last extract no 
colour from it. 

It does not form a plaster^ as gypsums do ; 
yet Gerhard denies this. <• 

It contains about 84 per cent, of barytes; the 
remainder vitriolic acid and water^ per BAg^ 
man. But artificial baroselenite contains 67 
of earth and 33 of vitriolic acid and water^ per 
Klaproth2. Chym. An. 1785^219^ or 65 of earth 
and 35 of acid and water^ per Fourcroy 4 Chem. 
An. 65. And Dr. Withering's experiments ap* 
pear to me to prove^ that 100 parts marraor 
metallicum contain 68,5 pure earth and 31^5 
acid^ as strong as that contained in tartar vi* 
triolate. See Phil. Trans. 1784, 304. Accord- 
ing to Dr. Withering's own calculation, 100 
parts of this stone contain 67,2 of pure bary- 
tes, and 32,8 of vitriolic acid, which agrees 
almost exactly with Klaproth's determination. 

Baroselenite is frequently contaminated with 
selenite, siiex,"iron, and aerated calx, and hence 
sometimes slightly effervesces with acids. 

To analyze and purify it, Mr. Afswelius uses 
the following processes : 

1st. After pulverization, it is mixed and cal- 
cined with 2,5 ^iimes its weight of aerated mi- 
neral alkali, perfectly pure and deprived of its 
water of crystallization, in a red heat for one 
hour and an half, avoiding fusion. A double 
decomposition thus takes place. 

2nd. Glauber's salt and the superfluous al- 
kali being then separated by lotion and coction^ 

the 
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tli» reitdamn is Idikd far 8 hawti m 10 times 
ito* wei^kt of diitiUed Tinegar^ wkose specific 
grttvitj it 1;Q33. This takes up iwt miy tke 
bovjrtie^ b^t slao the calcare<^U8 snd murUtic 
eattlw if Hitj^ learing only the argillaceous and 
finrrtigiooM. 

3d. To this solution vitriolic acid is added as 
lon^ as any pMcipitation appears. This pre-' 
cipitate contains baroselenite^ and possibly gjf^ 
silln : tins last is separated in 50 times as much 
¥FB^b9i m the preeimtate weiffhs> and the baro^ 
leleatle lemaifta sin^e. When dried in a red 
heat^ it eotitains W fet tent, of pure bnrytes^ 
which is separated by cakiainr it Afain with 
miMrnl alkali^ dissolting it in aitrous or marine 
aeidj and pKcipitathig the soktioa with an 
aMa4)Ml fi:l:ed alkali. 

The whitest and heaviest baroselenite is tise 
purest. 

Of this Species we may distinguish 5 fami- 
lies. ' / 

1*^ Family. — In an earthy loose form. -^-YeU 
lowish or reddish white^ rarely pure white, con- 
sists of coarse dusty particles^ mostly formins^ 
slight concretions^ seldom in powder- Feels 
coarse, rough, and harsh^ but appears weighty. 

2ndFamils/. — Compact Baroselenite. Dichier 
Schwer Spath of Werner. ' 

Vellowish white, or yellowish, reddish^ bluish 
or blackish grey, or pale red, or Isabella yel- 
low. Amorphous, in nodules^ or in half-rounded 
masses, or tessular. 

Lustre, 0.1. Transparency l.O. 

Fracture generall v splintery, not rarely |>ass«^ 
iOj; into the granttiarly foltated.-^metimes 

earthy. 
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6, rarely 4. — Specific grairity horn 4>3 to 4^4« 
•^Feeis meagre. 

It scarcely occurs iridumt oonsidoral^le im*- 
parities. 

To tkis fiEtmily beltMigs the Imf Mdeftite of 
WigBas in the proTince of Dalin ia SNredeli. 
Aiswelias ^ lO.-^ColoaT reddidit form tcssii«* 
lar^ fracture presents iodistingiiishabte parti<- 
cles ; it is opaque^ and its specific gravity is 4^ 
It contains tl per cent, baroselentt^ 11 of se- 
lenite^ iS,& silex, one^half tnartial «rgxl1> mA 
4 of water. It decrepitates when heated. 

Also the heavy stoite of Raaidsberg is of this 
family; colour bhatsh grey^ passing in some 
parts into the blackish grey. Duli^ opaque, and 
of a splintery fractore^ sometimes Terging to 
the granularly foliated or sparry, i^peeile gra^ 
▼tty 4^313. By Mr. Westrmmb's Anal;y8i8i, it 
contains 83 per cent, baroseleoite^ 66 silex, 4 
calx of iron^ 2& selenite^ 1^5 alum^ S of water 
and bituminous substance. 2 Bergbau 47. 

At WilieiBa in Galicia this stone is found 
beautifully waved and twisted^ it a^umes a po^- 
lish like alabaster. 

A contact baroselenite^ found at Waldltein 
near Faistritt in Stiria^ abounds so much in 
sileSL that it gnves fire with steel. N. Act. Pe** 
trop. 178&, 363. 

3d Fafh4lt^.*-FoKated.^W\ntje, or bliiisk 
reddish, or yellowish wUte, or yellowish^ r^ 
dish Of bluish grey, or fl^b ted, «r vei^;n^ on 
tbe brownish red, or Isabella ytXhm, raml^ 
gM^nh blMk; Aie etyscaliieed ssnrt is oftM 
bluish grey, wtfib ydUw, moie tettly 4i(m 

green. 
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gareeD; aiid still ;ihore tc&tely aztttej; ' !¥ergtiig ifl 
sojbe parte on the green. 

It occurs either amorphous^, or crystallia^ed 
in su^h various forms that even the patient 
Werner despairs of enumerating them ; the 
most remarkable are the quadrangular prism> 
the hexai^ular prisma the double quadrangu- 
lar pyramid^ the quadrangular table bevilled at 
4he edges'; tlie surface of the crystals is gene^ 
xally smooth . . . ; ' 

Lustire 2. — That of .the crystals commonly 
3. — Transparency 2. 1.3v — That of the crystaU 
4.3. . . / 

Fracture either granularly foliated^ or broad 
foliated^ seldom curved foliated. 

It generally presents thick lamellar distinct 
concretion^, mostly straight, seldom curved, 
tbickejr commonly at one end than the other, 
owing to the acciunulation of several lying on 
each other, and having a similar direction, 
which often gives the stone a radiated appear* 
ance. 

Its fragments tend often to a sparry form. — 
Hardness from 5 to 6. Specific gravity from 
4,3 to 4,8. 

It is generally the purest of the species. 

The Derbyshire caulk is of this family. Co* 
lour .white, grey, or reddish, composed of rhom- 
boidal laminas set in different directions. Spe- 
ciiic gravity 4,330. — It contains, by Dr. With- 

J ring's account, 99,5 per cent, of baroselenite 
{id 0,5 of calx of iron. ^ 
. Semitransparent quadrangular prisms of this 
family, . analyzed by Mr. Afswelius, afforded 
him 79 of baroselenite, 6 of seleoite, 3 of silez, 
4 argill and iron, and 1,5 watef . 

White 
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" White rhomboidai latnellar crystails from 
Kilpatrick hills near Glasgow^ whose specific 
gravity was from 4,402 to 4,44, contain, by 
Dr. Withering's account, the purest barosele- 
nite, 100 parts affording 67,3 of pure earth and 
^3,8 of vitriolic acid. His analysis is a model 
of skill and accuracy ^^ 

Foliated baroselenite aften bears a strong re- 
semblance to felspar, and I make no doubt 
has often been mistaken for it. See Lesk^, K. 
137. 

4ffc Family. r-^Striated or Fibrous. — Yellow- 
ish white, or bluish grey, or brownish or red- 
dish yellow. 

It occurs in somewhat rounded masses, of 
uneven surface. 

Lustre, silky, or waxy, 2i Transparency 
2.1. 

Fracture striated, converging to a common 
center. 

Hardness 5. Specific gravity from 4,000 to 
4,4409. 

The Cawk of Shropshire, analyzed by Dr. 
Withering, is of this family: he found in it 
97>7 per cent, of baroselenite, and 2,3 of calx 
of iron« 

Under this head we may also place the cele-^ 
brated Bolognian stone, its specific gravity is 
4,440 |ier Brisson. According to Mr Arvifl- 
9on, it contains 0,62 of baroselenite, 0,16 sile^^ 
0,15 argil], 0,06 selenite, and 0,02 water. 2 
Chv- Ann, 1788, 205. 

The Stalactitic baroselenites may also be 
f ■ 

* Mr. Werner has of late dbtinguished, and with great pro* 
nriety* the lamellar^ and granularly foliated. The granular 
difTers from the foliated as granular limestone from calcareous 
spar. 

VOL* I. K reckoned 



Kckoned as of this family; for inttaiice^ the 
tubuliform^ whose cross fracture is fibreusj and 
their longitudinal foliated. 

bth Family. — Acicutur, Stangem spath of 
Werner. 

Colour^ whiti*, or whitish gfey^ or pale blue. 

It is found in the form of needles, heaped 
together sometimet parallel, but often con- 
fusedly. Most commonly inhering in other 
stones. The surface of these needles is }ongi«* 
tudinally streaked. 

Lustre %.3. Transparency 8 J . 

Hardness b. Specific gravity asof the fore* 
going families. 

Mr. Bergman found these needles to consist 
of pure baroselenite. Schwed. Abhand. )784y 
HI. They much resemble certain wbtte-»lead 
ores. 

Sd Species. — Liver stone. Lapis Hepaticus, 
Lehersiein.^-^ColouT, grey, greyish, or yellow* 
ish grey, or brown, or greyish black. 

Lustre 2. L Transparency I. 

Fracture foliated and partly striated. — Hardi- 
ness from 5 to 6. Specific gravity by ray trial 
%666. It emits a smell of liver of sulphur 
i^hen rubbed or heated to redness. 

It does not effervesce with acids^ 

According to the analysis of Mr. Bergman, 
a specimen from Andrarum in Scania containir 
0,38 of baroselenite, 0,33 sikx, 0,2S alum, 
0,07 gypsum, and 00,5 mineral oil. Sciagr, 
i 90. 

The specimen, Leske, O. 1519, effervesce^ 
with' acids, and therefore is not a liver-stone. 

Neither is the specimen O. 1518 free front 
/^ calcareous mixture. 
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M0RIATIG i&ENVS^ 

tJKbfeii this head t include not only those 
fearths and stones in which ma^esia predomi*- 
hates^ but also those in which the siliceous 
fearth predominates, if maghesiii be, next Aftet 
this, the most copious ingredient, and the com- 
pound possesses the characters of the muriatic 
and not those of the siliceous gentis. 

Isi Species. — Magnesia mixed with Sikx. 
Bilicimurite. 

X^tPamUtf^.-^Keffekill. Myrsen, Me&tschanm 
of Werner. — Neither pure nor aerated magnesia 
unmixed with any other substance hate as yet 
been found. Of the magnesia, s^purated by 
art from other combinations, 100 parts contain 
about 55 of m^re earth, 30 of at^rial acid, and 
13 of water, when of the dryness possassed by 
that usually found in the sbo^s. 

Keffekill or myrsen^ which the Ofrmtim 
corruptly call Meerschaum, is laid to ht when 
recently dug of a yellow' colour, and as tena^ 
eious as cheese or wax. By the latest accoanti 
it is found near Burza in lower Asia^. It is 
the substance of which the Idrga Turkey to^ 
bacco pipes are fbrmed. It is said to be the 
earth called in Canada terre a chalunteau, but 
of this I doubt. When boiled with grease it is 
formed into pipes, and bard^s in tile open Air. 
The scrapings of these pipes were eltmined b^ 
Mr. Weigleb, and found to consist of ^ae* 

rg;t ,: 1 1 I I ■ ii I , - . ■ ■ , , , • i • • • ' i , 

« N. Acta Petropol. 1/85, aii« 

K % batf 



132 MURlirriC GENUS. 

half silex and one-half magnesia nearly ; the 
magnesia did not effervesce with acids^ this was 
probably occasioned by the expulsion of fixed 
air during the treatment with fat. To this also 
the hardness may perhaps be ascribed^ as mag- 
nesia and silex will not harden even in a porce- 
lain heat. 3 Crell. N. Entdeck, 3.8. By the 
heat of pure air this substance is converted 
into a white porcelain mass. 

Note. Baron Born, 1 Raab 244> considers 
this earth as a semi-indurated talc. 

2nd Family. — Martial Muriatic Spar. — 
Mr. Monnet^ a mineralogist of considerable 
note, lately discovered this stone at St, Marie 
uux Mines^ and called it pisolites ; but, as a 
very different compound is generally denoted by 
this name^ I have called it martial muriatic 
«par, a name which agrees better with its pro- 
perties. 

It is of a hard, solid, and sparry texture, of 
a grey, ochry, dull colour, but internally 
bright : it gives fire with steel, yet effervesces 
with acids. 

In a strong heat it grows brown, but at last 
melts per se. Hence it must contain something 
else* than magnesia, silex, andiron. 

100 parts of it are said to contain 50 of silex, 
the remainder mild magnesia and iron, but in 
5^hat proportion is not mentioned. 13 Roz. 
Suppl. 416. 

2nd Species. — Magnesia mixed with a nota* 
ble proportion of calcareous earth and some 
iron. 

Calcimvrite. — Colour, blue, or olive-green, 

of 
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of the consistence of clay ; the latter contains 
no argili^ but merely calcareous earth and mag-, 
nesia tinged by iron ; the former contains a 
larger proportion of calcareous earth ; both are 
found near Thionville ; the former is used by 
potters. 13 Roz. 60. 

3d Species. — Mild magnesia mixed with clay 
and iron. 

ArgillO'-Murite. — Colour^ greenish yellow; 
consistence^ earthy. Found in Silesia^ and by 
Mr .Margraafs experiments contains one->thi'rd 
of its weight of magnesia. 2 Theile 18. Ano- 
ther sort has been discovered in Italy by Mr. 
Fabroni^ of which I have seen only the analy? 
sis; it contains 0^50 of silex^ 0J3 magnesia^ 
0,10argill, 0,03 calx, 0,009 calx of iron, 0,08 
water. Of it the ancients made bricks so light 
as to float on water. 12 An. Chy. 316. Its 
consistence is very loose. 

4th Species, — Chlorite. Samt Erde. Peach 
of the Cornish miners. 

\st Family. — In a loose form. — Colour, 
grass-green, or greenish brown, or dark-green 
inclining to black. 

It is found in scales either investing other 
stones or heaped together. 

External Lustre, 0,1 : — feels greasy, — shews 
a white streak, — ogives an earthy smell when 
breathed on. 

It melts into a dull black compact slag, and 
then becames magnetic. By the analysis of 
Mr. Hacpfner it contains 0j4375 magnesia^ 0,375 

K 3 silexj 
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ttlex, 0^(H17 arg^i 0.0166 ealx. mi OAfm 
koo. S Sausfl. 183. 

Snd! JPVitTiify.— */9M<«rale and erffstaUi^&ed.-^ 
Colour, dark green, algfiost black. ForiQ ob** 
long, quadrangular^ and aeucKiipated. 

Lustre, 1. Transparency, 0. 

Fracture «arthy, yet somewhat »caly. Hard- 
ness, 6. Not remarkably heavy. Gives a moua^v 
tain green streak. Feels meagre. Does not 
effervesce with acidi . 

Ferb. Briefe 43. 

According to Haspfner, it ccmtainf 0,415 
silex, 0,3<>^ magnesia, 0,0613 argill, 0,015 
calx, 0,1015 iron, 0,015 nif and w^ter. 1 Ghy. 
An. 1790, 56. 

3d Familtf.^^Slahj * ,r^Ot this sort I have 
seea no authentic description. It is said to 
abound with garnets and .roagoetic iroQ atone. 
According to Baron Born, 1 Raab 3^7, its co-* 
lour is greenish grey. According to others^^ 
dark green, inclining to black. 

Internal Lustre, 1.3. Transparency, 0. 

Fracture, more or less perfectly slaty, some- 
times curved slaty, or passing into the scaly 
foliated ; and then accompanied with more 
lustre, and a darker colour. FragiQenti> flatr 
ted. 

Gives a mountain greea stfeak, feels smootli 
and somewhat greasy. 

Hardness, 5.4. 

5th Species. — Thlcr— Of thisSpecies we have 
3 families. 

1 Leni. 76. 

\st Family. 



Iwt J)im%.-«Iii a loose semi-^iadurated fornix 

Talcite. — Colour^ reddish or greenish ^hite> 
#r leek greeo. 

FosmI ia the form of small scalesj loaie ar 
tightly eoherent. 

Lustre 3.4» 

Feels somewhat greasy, adheres to the finger«j 
Md^ when rubbed io> gives a gloss to the skio. 

Very light. 

Does not effervesce with acids* 

The name Talcite has been bestowed by Wal« 
lerius. Baron Born^ and others^ on a very dif^ 
ferent substance. But it is more properly ap« 
|riicable to thts, 

2nd Family. — Talc. Or common Talc. Ve- 
netian Ta/c.-*«^olour^ generally greenish'** white. 
or pale apple green, verging on the silvery 
white^ more xarely reddish«white^ by trans*^ 
mitted light it aippears green. 

Frequently occurs in oblong nodules of an 
irregular surface* 

Jiustre, nearly metallic^ 4, Transparency, 
2. 3. or if very thin, 4. 

Fracture, foliated, .straight, curved, or un- 
dulating. The lamells^ easily separable from 
each otherj if straight, but not if curved or 
wrinkled. The lamellae flexible, but n«t elas*^ 
tic. 

Hardness, from 4 to 5« Specific gravity from 
2,7 to 2>8 by my trial on the specimen Leske, O . 

Feels somewhat greasy. I>oes not effervesce 
with acids. Strongly heated, it becomes whiter, 
less transparent, and more brittle. Fixed alka- 
lis scarcely flux it, borax and microcosmicsalt 
are more effectual. Pure air melts it into an 

& 4 opaque 
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opaque ^enish mass^ spotted - sligfalljr with 
red. 

The few experiments I formerly made on tfaia 
auhatance seemed to indicate the presence of 
silex^ magnesia^ and argili, with a y^ry small 
proportion of iron; hut they are too imperfect 
to be relied on. I am happy to find it has been 
i^nce analyzed by Mr. Haspfner ; he found it to 
contain 0^50 silex^ 0^44 magnesia^ and 0^06 ar* 
gill. 4Helvet. Mag. 2%. 
. The crystallized talc of Baron Born^ 1 Raab 
247^ seems to me to be rather chlorite; and, 
though he wishes to confound this with talc^ 
yet they must be distinguished, since the one 
is fusible by the blow-pipe, the other not. 

3dFamilij. — Shistose Talc. Schiefriges Talc, 
LeskCy O. 1154, 194. — Colour, whitish grey, or 
greyish green, or dark green, or bluish grey. 

Surface uneven and wavy, the lamellae being 
in many parts broken or worn away. 

External lustre, 2. 3. Internal lustre, 1. 
From a number of shining particles dispersed 
through it, sometimes in< certain positions, 3. 

Transparency^ 0. except the. whiter sort, 
whose transparency is 2. 

Fracture, hackly, long splintery, and irre- 
gularly slaty. 

Hardness, from 4 to 6. Brittle. Specific 
gravity from 2,7 to 2,8. 

It becomes white and scaly by exposure to 
the air. Feels soft, and easily crumbles when 
rybbed in the fracture. 



6ih Species. — Steatites. 



1st Family. 



STBATITES. I3t 

\8t FdmUf/. — Semi-indm*ated. Craie de 
Briofon. Specstein of Werner. — Colour, grey- 
infa^ yellovisfa^ or greenish white^ rarely pure 
wbite mostly having a shade of green^ particu- 
larly livhen moistened^ ( the white often contains 
black dendritical figures), or yellowish white 
speckled or veined with red, or mountain, olive^ 
or leek green, or slate blue. 

It is found in amorphous masses, rarely crys- 
tallized in hexangular prisms, terminated with 
an hexangular prism *. 

Lustre, 0. Transparency^ 0. or scarcely 1 . . 

Fracture^ ^arthy, or coarse splintery. Hard- 
ness from 4 to 5. Specific gravity, before it 
has absorbed water, is according to Brisson^ 
from 2^61 to 3,79. And after absorption from 
2,66 to 2,794. But perhaps this last may be- 
long to the next family, if so, * the specific gra- 
vity of this will only reach to 2,66 or 2,69 
when penetrated with water. 

It absorbs^ but does not diffuse itself in 
water. , 

It either does not adhere, or scarcely adheres 
to the tongue. 

It feels soft and greasy, and takes a polish 
from the nail. 

Does not efiervesce with acids. 

Hence we see it resembles fullers earth ; it 
differs chiefly in ^not being diffusible in water^ 
in possessing some slight degree of transparency^ 
and being somewhat harder. 

When heated, it hardens and whitens^ but 
does not melt at IdO*". 

The steatites of Suartwick^ examined by Mr. 
Bergman^ seems of the kind we now treat ; its 



* a? 

colour 
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colour gTeen, felt greasy^ apdmigbt be scraped 
hy the nail. Microcosmic salt bad not the 
po^er of fluking it, but it yielded to borax^ 
and with effervesceDce to mineral alkali. He 
found it to contain 0^80 of silex, 0J71 of 
aerated magnesia, 0^02 argill^ and 0,009 calx of 
iron. 4 Bergman^ 166. I suspect^ however^ 
from its hardening in fife> that it contains more 
argtU. 

The white steatites of Cape Lizard in Corn« 
wall, which is streaked with red and blue, of 
the hardness of cheese, and used for porcelain, 
seems also of this kind. Mr. Kiaproth found it 
to eon tain 48,42 per ct. of silex, 20,34 magnesia, 
14 argill, 1 of iron, and 16 of air and water. 
1 BerK Beob. 163, 192. 

2n(tFatnLlv.' — Indurated Steatites. — Larditcs 
of Wallerins. — Schmecrstein of Succow.-—* 
Colour, yellowish, or greenish grey, often veined 
or spotted with a deeper j'ellow or red. 

External lustre, 2.1. Internal^ 0. Trans- 
parency, 2. 2,5. 

Fracture, fire splintery, often mixed with 
imperfectly coiichoidal. Fragments, 2. 

Hardpcss from 5 to 6. Specific gravity of a 
specimen I tried was 2,784. That of a speci* 
men tried by Mr. Brisson, which he calls j>/erre 
de lard, was before it had absorbed water 2,583, 
and after absorption 2,632. 

Feels greasy, and often resembles soap. 

This seems to "be the stone analyzed by Mr. 
Wcigleb, 2 Chy. An. 1784, 429, under the 
name of steatites of Bavretith, for he refers to 
Margraaf, 2 Theile, p. 15, whose description 
answers to that of this, He f»und it teeotitain 

per 
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|ier et, 68,SS of %\\e%, 39.16 magoesm, and 2>5 
iron. It is remarkable that he found no atgill* 
The steatites of China^ Leske^ O. 1103^ is of 
this fismilj, Margraaf says it is often called 
Spanish chalk ; it may therefore be the same as 
the Spamsh chalk of Brisson^ whose specific 
gravity he found to be 9>790. 

3d Familtj .-^Foliated or Striated.-^TfUeites 
cf Walleriu^. ^^Colonx, leekgreen^ passing on 
the one hand into the mountain green, and on 
the other through the olive green, iuto the suU 
phur yellow. 

Generally found in independent amorphous, 
masses^ sometimes investing or intersecting ser* 
pentines^ &c. 

External lustre casual, but commonly 3, 
Internal^ metallic in the dark coloured, or 
waxy, in the higher 3. Transparency, 2,1. 

Fracture, foliated, mostly curved foliated ; 
sometimes striated, particularly when investing, 
or intersecting. Fragments cuneiform, Hard« 
pess from 6 to 7. 

Brittle. Specific. fi;ra\4ty of the specimm I 
tried^ Leske, O. 11 11 is 2.636. That of the 
talcite of Brisson ( which he says is composed 
of white mica^ whose layers are agglutinated, 
but seems to be the same as that now described ), 
before it has absorbed water, is 3,63^5, and af- 
ter absorption 2.6496. 

Gives a pale greenish grey streak . 

Feels greasy. Do.'^s not adhere to the toi^ue. 

This description, is for the most part taken 
from Mr. Kiirsten. who very properly distin- 
guishes this fossil froru common steatites. 

Heated, to redness, it becomes grey and 

harder. 
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harder^ and at 147'' forms a grey porofis porcfc*^ 
lain mass. 

7th Species. — Pot-Stone. — Lapis Olaris. — 
Verharteter Talk, or Topf stein of Werner, — 
Colour^ light or dark greenish grey^ or green- 
ish and reddish grey^ or yellowish grey^ or 
speckled with red^ or leek green. 

Lustre^ 2. 1.3. Transparency, 1. 0. 2. 
Fracture, undulatingly foliated, or the folia 
exceeding thin, and discovering rugosities ; 
often also slaty. 

Fragments, long splintery, or plated. 
The foliated present sometimes gross or mi- 
nute distinct concretions. 

Hardness from 4 to 6, brittle. Specific gra- 
vity of that of Como, the most famous of this 
species, is 2,8729. According to Saussure, that 
of Switzerland has its specific gravity 3,023. 
Some absorb water, the specific gravity of 
the pot-stone of Dauphine, which is of slaty 
structure before the admission of water, is 
2,7687, after admission 2,8214; of the Swedish^ 
before the admission of water, 2,8531, after 
admission, 2,8629. 
Feels greasy. 

This stone i$ often confounded with indurated 
steatites, which possibly may have been applied 
to the same use, but whose characters and com- 
position are very different ; it is more difficultly 
distinguished from shistose talc, especially where 
the pot-stone is slaty, yet their lustre, specific- 
gravity, and feel, are different. The slaty 
abounds in common talc. See the specimen, 
Lcske, O. 1157. 

By the analysis of Mr. Weigleb, the pot- 
stone 



^tone 0f ComOj contains about 0^38 silex^ 0,38 
magnesia^ 0^07 ar^U^ 0^5 iron^ 0^01 aerated 
calx^ and still less of the sparry acid* ; but^ as 
the quantity of air and water is not giyen^ we 
can form no true idea of the proportion of these 
ingredients to the whole^ but only of that in 
which they stand to each other. The fluor 
acid and calx are in too small proporticm to af- 
fect the essence of the stone. It differs there- 
fore from steatites principally in this^ that the 
magnesia and silex are in a larger proportion to 
each other^ and the iron to both. 

Sth Species. — Serpentine f. — Most commonly 
of a dark blackish^ or leek^ olive^ or canary 
green^ seldom sulphur yellow^ sometimes bloody 
carmine^, or peach blossom red^ often bluish^ or 
greenish grey^ or brownish red^ or reddish 
brown^ or greyish blue. 

These colours are scarce eyer single^ but 2, 3, 
or more accompany each other ( and hence the 
stone derives its. name)^ pne^ or two^ form the 
ground ; and one^ or more of the others^ form 
specks^ veins^ or dots therein ; in these not only 
the above colours occur, but also blacky and 
more rarely the scarlet red^ crimson red^ and 
canary green. 

It is almost always found in an amorphous 
independent state^ seldom disseminated^ and in- 
herent. 

Lustre^ 0. Transparency^ 1 .0. 

Fracture^ fine^ or coarse splintery^ which 
sometimes pass into the uneven of a fine grain. 

Fragments^ between 2 and 3. 

* a Helvet. Magaz. 

f The Gennans and French call it 9]so Serpentine 5 but the 
latter call also a sort of porphyiy or variolite Serpentin. 

Hardness 
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Hardiiesd from 6* to 7. Somewbat brittle^ 
Specific graf ity^ according to Britgon^ reaches, 
before it is penetrated i^ith water^ from 2^8645 
to 2^709. It is only those whose specific gravit j 
is beneath 2,6 that admit neater. He indeed 
meiltior.s one v^hich he says is fibrous and semi« 
transparent^ M'hose specific gravity in 2,9997 ; 
but this cannot be a serpentine, as neither 
of the three characters belong to it ; nor do I 
believe that of Dauphine, which he says is se- 
mibransparent, to be a serpentine, but rather 
an indurated steatites. The specific gravity of 
the dark reddish brown serpentine of Zoblitz, 
Leske, O. 11S7, to which a small quantity of 
talcite, adheres, I found to be 9,561 and that of 
the dark blackish green, also of Zoblit2, Ijcske^ 
O. I1S0> to which also some talcite adheres^ 
2,674. 

Most give an earthy smell when breathed oni 

It feels rather soft, almost greasy. 

Most serpentines discover in their fracture 
yeUowiab or canary green scM^s, particularly 
those that otherwise resemble trap. See Leske, 
O. 318, 319, 321. These also often contain 
garnets, which trap never does. It is distin-* 
l^uisbable from indurated steatites by its opacity, 
colour, hardness, feel, and generally by its spc-* 
cific gravity. By reason of its earthy smell, I 
suspect that it has often been mistaken for trap, 
from which itdifiers most widely. 

When heated it hardens and reddens, but is 
infusible by the blow^^p^pe. By a heat of 136* 
I found the blackish green, Leske, O. 1130, 
hardened to 9, and turned to a reddish brown ; 
at 1^^ it became greyish white, and formed a 
semicompact mass of the nattire of pOMelain, 
Htirdness 10. The dark reddish brown at 163# 

imperfectly 
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imperfectly melted^ forming at tbe surface a 
grey opaque enamel^ but internally a porcelain 

Mr. Knock found a serpentine^ whose specific 
gravity was 2,684, to contain per cent. 45 parts 
silex, 33 magnesia, 14 magnetic iron, 6,25 
aerated calx, one-fourth argill, with a little sa*- 
lited magnesia and water* 2 Chy. An. 1790^ 
497. Meyer found a serpentine he examined^ 
to contain silex and magnesia, with a little iron, 
and a suspicion of calx. 1 Chy. An. 1790, 342. 
Klaproth found no argill in the serpentines of 
Saxon V, 4 Berl. Beob. 187. Hence I am io^ 
dined to think, that serpentines contam no ar- 
gill except accidentally, but merely &ilex> mag** 
tiesia, and iron. The silex in the proportion ef 
about 5 or 4 to 3 of magnesia. The proportion 
of iron variable from 4 to 15. The experiments 
of Mr. Bayen , though accurate, were not made 
with a view to precision; it was only by in- 
duction that I found the quantity which I for- 
merly stated. In pot-stone, iron seems also to 
be essentia], but the silex and magnesia ap<^ 
proacb nearer to an equality. In steatites, iroa 
IS merely casual, and never in any considerable 
proportion. The ratio of silex and argill to 
each other is not settled, but water seems es^- 
sential to the semi-indurated. 

9th Species. — A^bestus. — Ashentenon fnnr of 
the French, — Colour, generally leek green, often 
olive or mountain green, more rarely greenish 
;rey, or dark, or light yellowish grey. Lustre^ 
!J. Transparency, 1. or, if very thin, 2. 

Frkcture, parallel, or divergingly, and gene- 
rally somewhat curved striated, or fibrous, the 
fibres coarse or delicate; sometimes incKntng 
to^ or intermediate between, the fibrous and 

splintery. 
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fplintery*, Fragn^nts for the most part long 
splintery. 

Hardness from 6 to 7. The limits of its spe-» 
cific gravity are^ according to Buffon^ pretty 
distant^ one specimen of a light grey colour 
which he calls asbeste mur, had its specific gra- 
vity before it had absorbed virater, 2^577, and 
fifter absorption 3^699. Another of the same 
colour^ which he calls asbeste non mur, was be- 
fore absorption 2^9958^ and after absorption 
3^0343. And that of divergingly fibrous as^ 
bestuSj which he calls asbeste etoilie, was be-» 
fore absorption 3,0733. 

I found that of the specimen from Zoblitz^ 
jj^eske^ O. 1184, to be 2,547. I believe the 
fleavy sorts mentioned by Brisson were acti- 
Bolytes. 

Feels somewhat greasy. Gives a grey pow- 
der, and streak. 

Does not effervesce with acids. 

The specimen Leske^ O. 1184, which is of a 
yellowish green colour, was hardly discoloured 
by a red heat; at 160° it formed a grey, some- 
what porous porcelain, whose surface was ena- 
melled, and gave fire with steel, therefore it be- 
gan to be fused. Mr. Saussure found the as- 
beste he tried affected in the same manner. 
1 Sauss. 86. 

Mr. Bergman comprehends stones of many 
different species under the name of asbestus ; 
and hence it is difficult to assign the numerous 
and exact analysis he has made of them, to the 
different species to which they severally belong ;. 

* Sec Pabst's Catalogue, by Werner, No, 2730. Werner, in 
Cronsted, assigned it a striated fracture, but now a fibrous. See 
Lcak*8and Pabsjt*s Catalogues, and 1 Beigm. I« 1799, 102. 

a clear 
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a cle^r pfoaf of the necessity of exact descrip- 
tioQs of the external characters of fossils. The 
asbestus of Bastnas seems to be that of which 
we here treaty as be refers to Cr<Mi8ted, § 105.S 
this he says afforded him 67 per ct. silex^ 16>8 
aerated magnesia, 6 aerated calx, 6 argill, and 
4,2 iron. 4 Bergm. 168. 

Anothei: from Grsmge in Dalecarlia, Cronst 
§ 106 contained 63,9 silex, 16 aerated magnesia, 
12,8 aerated calx, 1,1 argill^ and 6 calx of inm. 
Ibid. 170. 

Another from Pehrsberg in Wermeland^ con* 
tained 62 sikx> 13,7 aerated magnesia, 12 
aerated cbIx, 1,7 argill, and 10,6 calx of iron. 

Mr. Weigleb^ in the leek green asbestus of 
Zoblitz, found about 47 of silex, 48,5 mild 
magnesia^ and 4 of iron. I tried this result 
synthetically, and found it to resist fusion 
at 148q. 

Hence we see that few stones admit of a 
greater latitude of composition than this, as it 
admits some argill, and a pretty large propor*- 
tion of aerated calx, into its composition; yet 
neither a^e essential to it. But the iron is in a 
calcined state, which distinguishes this stone, 
in that respect^ from steatites, pot-^stone^ and 
,SGfrpientkie. 

• lO//i Species. — Ligniform Asbestus, — (J^- 
lour^ brown, approaching to Isabella yellow. 

LfUstre, 0. Transparency, 0. 
. Fracture^ slaty, and^ if broken across, itdis- 
ieovers an irregular filamentous structure, like 
wood. 

I have not seen it, nor do I know whether it 
has any other similitude to wood, or asbestus. 
I place it here only by reason of its name. 

VOL. I. L IVIr. 
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Mr. D'^ftubentonliaspropoi^egMdeiitofiott 
for distiDguifthiiig petrified wood. He observes^ 
that mere concentric lajers are not sufficient^ 
there mutt also be lines intersecting these la jers^ 
as the medullarj prolongations from the e^Ater 
to the bark. 

llth Species. — Amianthus, -^(Mmiry most 
oommonly greyish, or greenish white, more 
rarely yellowiui or silvery white, sometimes 
olive or mountain green, or pale flesh red, or 
edire yellow. 

Lustre 1 3, sometimes 3, and then resembiu^ 
the metallic. Transparency, L2.0. 

Fracture presents delicate, and mostly straight 
and parallel, rarely curved fibres, sometimes 
closdy compacted. Its fibres flexible. 

FragmentB, long splintery. 

Hardness from 3 to 4. Specific gravity be- 
fore ithas absorbed water, is, according to Bris- 
son, frou^ 0,9088 to 2,3134, and after absorp^- 
tion, from 1,5662 to 2,3803. 

Feels somewhat greasy. 

I found a specimen of the greyish white to 
melt at 162,5, into a greenish black, perfectly 
compact glass. 

Mr. D'Arcet and Saussure found it to «eU» 
and crystallize, at ( I presume ^ a much lower 
heat ; and at a higher, to ru^ into a greenish 
glass. 

The snow-white amianthus, of Tarentaise^ 
was found by Mr. Bergman to contain 64 pei' 
cent, silex, 18,6 aerated maMesia, 6,9 aerated 
calx, 6 baroselenite, 33 argill, and 1,2 calx of 
iron. 4 Bergm. 163. 

The stone from Suarwick, which he calls as* 
bestus, b»t which, from the flexibilitv of its 

filaaMAts, 
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fiiiineits^ 1 judge t» be mi aailmtbHS, affDi^dedi 
faiM 0^64 aiktx, 0J72 aerated magnetia, 0,139 
•ihaUd calx, O^OS? argill, and 0,622 calx «f 
iron« I«id. lo5. 

Tkat wkieb be calls aibettm of GoriaSj in 
Astutiat J I take also to be aa amiafitliusi as be 
«ajft it IS tery like that of Tareataise^ and refers 
it to CroMtedt, §105. 1 ; ia tbis be fauad 0^72 
aileric, OJ39 aerated magnesia, 0^05 aerated 
cahc, 0>03d argill, and 0,013 calx of iron. 

Anotber from Crete contained bS per cent, of 
:-y iSyS aerated anagnesia, 14jS aerated oalx^ 
1 argillj and S calx of iron. 

Hence we see, tbat asbestus and amiantbus 
differ, not ia their constituent parts, but in lliis^ 
tbat amianthus contains them in a proportion 
more easily fusible ; hence also asbesttis passes 
into amianthus, when, by exposare to the air, it 
loses part of that ingredient, whose dispropor* 
tion to the remainder renders it more difficultly 
fusible. 

Not€, — Amiaathas has been fbnad in a fari- 
naceous state by Mr. Dolomieu, oti the moun- 
tain St, Fiora, ia Tuscany. See bis notes on 9 
Bergm.246. 

Amianthus in a crystallized form, namelyp in 
fbonboids or compressed paralielopipeds, of a 

Eey or bluish colour, are said to haTc beeo 
tind in the neigbbouTfaood of Bagneres ; they 
are Tery soft. and of a filamentous texture, but 
harden Dy exposure to the air. 26 Roz. 429« 

I2ih SpideB.^^Suber montanum. Cerium 
mMRtafisHll.«««^ololur, white* or reddish white^ 
«* yelUmi A gsay, or Isabella* or ochre yeilow^ 
w yd|lowisi'b9apwii 

it is found liither in thick compact pieces^ . 

& 3 anil 
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and then called mountain cork ; or In tUn-flat 
pieces^ then called mountiiin leather, or paper ; 
'or cellular, and then called caro montanai .&c. 

Lustre 0, rarely 1. Transparency 0% 

Fracture presents fibres confusedly inter- 
vroven i^ith each other, sometimes so subtile 
as to be difficultly distinguished, and thus they 
•give the fracture a compact earthy appearame^ 

Hardness, 4. Takes an impresaioti, or yields 
like cork to the finger, and somewhat elastic. 

Specific gravity, before it is penetrated by 
water, from 0,6806 to 0,9933; and after ad- 
mission of water, from 1,8493 to 1,3493. Bris- 
son. 

If perfectly dry, and sufficiently thick, it 
gives a sound when struck* 

It feels meagre. 

Bergman and Saussure found it fusible, though 
difficultly, by the blow-pipe. 4 JSergm. 169. 
'S Sauss. 124. 

.By Mr. Bergman's Analysis it contains from 
56 to 63 per cent, of sile;^, 33 to" 36 aerated 
magnesia, from 2,8 to i3,7 argill, about 3 of 
calx of iron, and from lOto'13,7 aerated calx. 

I3th Species. — Amianthinite. Ashestartiger 
Strahlstein of Werner, in part. Leske^ Q. 
1186. 1188.— Colour, ash, or greenish or yel- 
lowish grey, often mixed with yellow,- or red, 
or both, from«decomposition. 
Form, amorphous. 

Lustre, of the grey part, silky, verging to 
the semimetallic3. Transparency 0. 

Fracture, presents a confused iqipearance of 
the foliated and fibrous, the fibres so faint as t^ 
be scarcely distinguished, presenting distinct 
concretions, irregularly bundled, and in the 
^oss often obfcurely slaty. 

Hardness 
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Hardness from 3 to 4. Specific gravity of 
the specimen Leske^ O. 1186^ that wbich was 
the purest was 8^584, that of another^ Leske^t 
O. i]88^ which was mixed with iron^ ochre^ 
and pyrites, 3,878. * 

The purer specimen melted at 154^ into a 
brittle porous opaque black shining nla^ds ;' the 
hearier being heated to redness became partly 
purple, and partly brownish red ; and at 147^ 
melted partly into a compact slagg^ and partly 
agglutinated into a porous brittle mass. 

I4ith Species. — Asbesiinite. Gemeiner Strahl- 
stein of Warner. Leske, O. 1190, 1199, S. 
374. — Colour, white with shades either of red, 
yellow, or green, or blue. 

Amorplhous. 

Lustre, silky, approaching to the semimetal- 
lic, 3. Transparency, 1,2. 

Fracture, shattered foliated, or broad striated, 
sometimes faintly seamed. 

Presents olilong distinct concretions, running 
in difi^rent directions. 

Hardness, from 5 to 6. Specific gravity from 
2,806 to 2,880. 

At 150^ melts into a green glass. 

It is sometimes disguised by a thin crust or' 
illinition of black manganese, which exhibits 
the same radiated appearance. 

Ibth Species. — Aslestoid.^—Oi this I distin- 
guish two families. 

\st Family, — Common Asbestoid. Gemeiner 
Strahlstein of Werner. Leske, O. 1191-2-i3-5- 
7*8, and t200, and S. 373.— Colour, olive or 
leek green, when decomposisg reddish brown. 

L 3 Amor- 



1^ MUBrATIC GKltUS. 

AmorpboQS. 

Lustre, common % wben glmsy 3, wbsn diw 
composing 0. Ttmnsp%Teney, 0.1. 

Fracture, sometimes foUafed, soMltimef 
broad-striated, the strias diverging ftmsk noe or 
more central points. 

The foliated may even be eooaidered as tni^' 
ing toj or departing from, a common center. 

Hardness from 6 to 7. Specific gravity from 
3taS,31. 

At 160^ it melted into an opaque, black 
compact g;1ass. 

Tnis seems to be the stone analyzed by Mr. 
Weigleb, and in which he found 43 percent. 
sileXj 22 magnesia, and 34 of iron, and some 
traces of the sparry acid. 1 Cby. An. 1783,^1.- 

2nd Faviihj, — Metallifqrm Asbestoid. Js- 
bestartiger StrahUteitL of Werner, in part. 
Leske, 0.1187. — Colour, grey, or itfctming 
to the reddish grey. 

Amorphous. 

Lustre, semimetallic, 3. Transparency, 0. 

Fracture, foliated, or what some would call 
broad-striated ; often seemingly converging to 
a, common center 

Hardness from 8 to 9. Specific gravity, 3,356. 

At 15^ melts into a compact black glass. 

16/ft Species. -^Lamellar ActynoliU. A^ies- 
tartiger "Strahlsiein of Werner. Le$ke, O, 
1189. — Colour, dark yellowish, or greenish 
grey. 

Amorphous. 

Lustre, in some posittoss feeble^ in olhert 3 
and glaMv. Trsiis^rency> 0, or scarcely 1. 

Fracture, 



r 
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Fneture^ tlie shattered foUated> the edges of 
the broken lamellae give, however, a striated 
appearanee. 

Hardness 7, hrittku Specific gravity 2,916. 

By a fed heat it becomes insoraeplaces whiter, 
is others redder, and upoo the whole harder. 

At 168^ it melts into a dark green compact 

giM*. 

It has a strong resemblance to hornblende. 

17 th SpecU9.^^Shorlaceou8 Actynolite. Ge- 
meiner Strahlsteinof Werner , in part. Leske, O. 
IIM, 1196, 1901.~Colour, feek or dark green. 
External lustre, 3.4. glassy internal, 1 .2. Trans* 
parency, 2.3.1. 

Crystallized generally in long, slender, qua- 
drangular, hexangular, or (apparently) trian- 
gular, prisms, with perfectly smooth surfaces; 
or rathisr pyramids, being thicker at one end 
than at the other, and hence called straJUj or 
arr&w stones. Sometimes a small pyramid ad-^ 
heres longitudinally, and, as it were, grows 
out of a larger ; sometimes many adhere toge*- 
ther. In Siberia, it is said, some are found 5 
feet long, and 16 inches thick. 1 Chy. Ann. 
1786, 266. 

Fracture, hsekly. 

Hardness from 7 to 10. Specific gravity 
fVom 3,023 to 3,46. 

The specimen, Leske, O. 1]96> whose spe- 
cific gravity was 3,023 melted at 164o into a 
dark greeii compact glass. 

ISth Species. — Glassy Aeiinolyte. Glassar^ 
tiger StraUstein of IFmier .-^Colour, leek 
freen> or ( item decomposition ) verging to the 

L 4 greenish 
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greoiish ivhite^ oir silvery wktte^ or Bteined 
with yellovrish^ or brownish pM.' * 

External lustre^ 3.4. sometimes glassy^ somefr 
times silky. Internal^ 0. . Transpareecy^ 2i' 

Crystallized in slender compressed quadraxi* 
gular or hex angular pyramids^ or fibres^ ^closely 
and longitudinally adhering to each othfer, 
straight or incurvated^ or consisting of fibreB 
undulatingly incarvated^ and adhering- in the 
same manner. 

The face of the fracture of single pyrsniids 
cannot be discerned^ that of the collection is 
hackled ; but thelongitudinal fractureis fibrous, 
the fibres somotimes parallel, soimetimes diverg- 
ing, and often from many central points. 

Fragments, long splintery, aikd e: 
sharp, so as to be difficultly handled wtthotil^i 
injury. 

Hardness, difficult to estimate^ on account 
of their brittleness. Specific gravity, of some 
specimens that had a glassy lustre^ I found t^ 
be 2,950^ of the specimen 1205 Leake^ O. vflnch 
has a silky lustre, 3,493. 

The last mentioned specimen melted at 149^ 
into a compact dark green, almost black glass. 

But the specimens that were crystallized in 
needles, of great subtlety, bilt' whose planes 
and angles were still discernible as those in 
Leske, O. 1203, 1204, melted at 137o into a 
grey, somewhat' t)orous mass, and 159^ into a 
yellowish grey compact porcelain, with an ena-. 
melled surface, and began to act on the cruci<- 
ble. 

The substance, called by Mr. Bergman, the 

fibrous short of GrangCy seems to be of the 

sort of which we here treat. It is, he tells us,. 

of 



of a grteti^ bordering on white^ and consists of 
ftleoder parallel tramparent fibres^ brittle as 
glass ; aJid melts into a scortform mass. In this 
be found 7Sper cent, of silex^ 12^7 of aerated 
magB^ia, 6 of aerated cal^c^ 2 argill^ and 7^3 
of calx of iron. 4 Bergm. 171. 

ThejSiro««.«Aor/ (as he calls it) of Ziller- 
thaU in Tyrol, seems also of this species ; it 
contains bj^bis analysis 64 per cent, silex^ 20 
aerated magnesia, 9,3 aerated calx, 3,7 argill^« 
and 4ciLlxof iron. IMd. 472. « 

We may also vindicate tothis species the stone 
called by Mr. Saussure short en filets brillants 
$tf7mgUes, so sharp as ^scarcely to be handled 
with impunity. In it he found 0,5525 silex, 
0^3018 argiil^ 0,1087 unaerated magnesia^ 
0^0484 unaerated calx, and* 0,0148 of iron. 
2 Sauss. 470. Here not only the large propor- 
tion of argill is remarkable; Mr. Bereman 
baviog scarcely found any^ but that mag- 
Aessa and calx should be unaerated, whereas 
Bergman ia all tlie stones of this genus found 
them ae rated *. 

The great specific gravity of. these stones, 
considering the moderate proportion of ii^on 
found in them, also deserves attention. May 
not the new earth, called stronthian, be founa 
in them ? and may it not have been mistaken for 
calx ? 

I9th Species. — Jade. Nephrit of Werner. 
Bitter stein of Hmpfner, and others. — Colour, 



* Of the sa foregoing species I have given the descriptions 
from my own obsernifiooB } they ate i^ conapieheiided 1^ Mr. 
Werner, under the name o£ strahlsiein, and of them he mate 
three divisions, the asbestine, common, and gia&y. Tlie ar<- 
langemeat I have followed seems to me more exacts though 
not out of the reach of cavil. 

generally 
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generally dark leek green^ or verging to blue^ 
or in some prominences inclining to the green** 
ub, or bluish white ; and even the greener parts^ 
when fresh broken^ discover pale whitish splin^ 
tersj sometimes yellowish white^ with a light 
shade of green. 

Found in detadied rounded masses^ or inher- 
ing in rocks. 

Surface^ often smdoth^ often somewhat «&•* 
even. 

External lustre, I, "vraxy. Internal 0^ or 
scarcely I . Transparency SC 1 . 

Fracture coarse or fine splintery ; yet often 
discovers here and there a few fibres somewhat 
incurvated. Fragments S.4. 
. Hardness 10> not brittle. Specific gravity 
of the specimen Leske^ O. 1116^ which came 
from the East- Indies^ by my trial, 3,977. Bris«> 
son found that of green jade 3^0660 ; and that 
of whitish^ or olive*coloured jades^ from 2^950 
to 2,98S9. Mr. Saussure found those of oriental 
jades from 2^970 to 3,041 ; but the jades of 
Switzerland he found still heavier, namel v^ from 
9,Sl to 3,389. He also foulid them harder. 

It feels greasy. 

According to Dolomieu it becomes more 
transparent and brittle when heated. 40 Roz. 
215. 

But it is said to be infusible in the strongest 
heat of our furnaces. 

According to the analysis of Mr. Hoepfner, 
if contains 0,47 silex, 0,38 ftSrated . mi^esia, 
0,04 argill, 0,02 aerated calx, and 0,09 iron. 

fOff$ SpecieB.-^JSaikalitf. — Its colour, olive 
green. 

Crystallized in quadrangular, hexangular, 
oroctohsedral prisms, terminated with an ob* 

lique 
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and four narirqw aics. From two to tern inches 
]amg^ mad ffms half aa iilch to four inches tiiick. 
Surface smooth^ aeldooi longitudinally streaked. 

LuitnQ 1.2. Rather grtesy ; often io some 
positions mutably reiplwdent. Traasparency, 
0.1. 

Fraetuf e» splintery, P>tf 'i^g into the eoqclioi* 
dal. Fragnentg, 2^. Uardness, 8.9. Spe- 
cific gravity, 2,200. GiTes a white streak. 

Does not effervesce with acids, except som* 
oaleareous ptoticlev be contained in the rifU. '^ 

When heated, it sametinies reddens, and at 
iMt meAta inte a dark green glass. 

By the analysis of Mr. Lowita, it cootains 
0,4* silex, 0,30 maneaia, 0,20 calx, 0,06 calx 
of ison, 4hm1, oaaoaHy, fluor acid. 

This stone has as yet beeo found only on the 
boffdofs of ibe lake Baikal, in Siberia, from 
which it derives its name *. Some hare called 
it short, others crys^ailteed kombUfide ; but 
tbe absence of argill. Mid the quantity #f mag- 
nesia it contains, to say nodung of its external 
characters, prove it to be a distinct species of 
the muriatic genut. 

%ist Species. — Combined with the Boracic 
Acid, and boracited Calx, — Boracite*. — Co- 
lour greyish white, sometimes passing into the 
greenish white, or purplish. 

Hitherto it has been found only in cubes, 
whose angles have been more or less deeply 
cut off. 

Their size scarcely exceeds half an inch 

Tbe surfaces generally somewhat corroded. 

•*■— i* ■ ■ " I ' 111 I 

« 2Beigm. Jbonw ijgo, 2M. 2 Aa. Cl^. lOS, iZ7* 
3 Bed. SeeiMht U 

The 



The^extemal lu8tre> if tli6 rarfaee be ^mootk^ 
3 ; if raoghj 0. IntemaU greasy, S. • 

Transparency (except it be covered, wt lb an* 
opaque rind ) 2.3. 

Fracture^ compact, and of the small flatted 
concboidal kind. Fragments, 3. 

Hardness, 9, 10. Specific gravity, 2,566. 

Exposed to the strongest heat, it contracts, 
and at last melts into a yellowish glass. 

It does not effervesce, nor dissolve in acids, 
unless heat be applied. 

Abbe Hauy, has discovered that it becomes 
electric . by heat, like tounnaline ; but the dis- 
covery of its component parts, one. the most 
important :and least expected hitherto -made in 
mineralogy, was reserved for Mr. Westrumb ; ' 
he found it to contain 0,68 boracic acid, 0,13 
magnesia, 0,11 calx ; 0,01 argill, 00,1 silex. 
and 0,01 iron. The three last he justly consi- 
ders as casual. 

The fountain of Kalkberg, near Lunebur^, 
is the only place that as yet affords it. It-is 
ttiere seated in a bed of gypsum. 



CHAP. IX. 

ARGILLACEOUS GENUS. 

1 st Class. — Argillaceous Earths, 

These are for the most part diffusible in 
water, and do not immediately sink in it' as 
sands do.; or if so compact as immediately to 



ika^ 



« Chy. Annal. 1793, 22. 5 CreQ Bcytr. 4 Stuk. 40;. 

sunk. 
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•ink^ they soften^ ctumUe^ or moulder away in 
it^ some sooner^ some later^ either to a ductile 
viscid piilp^ or to a powder. 

Hardness^ scarce ever exceeds 6 ; they hardea 
when heated ; scarce ever effervesce with acids, 
and are difficultly soluble in them. 

As earths originally received their denomi^ 
nations from external and not from internal cha- 
racters^ they cannot now^ without creating 
much confusion^ be arranged according to their 
real specific properties^ if any such could be 
assigned. Biit in fact none such can^ except 
fusibility or infusibility^ which depend on pro* 
portions and ingredients both mutable and ca* 
sual. Hence I sh'ill sort them under the title 
of different tribes ; marking the cases* iti which 
these are found to be more or less fusible^ or 
adapted to various uses. 

1st Tribe. — Native Argill. Lac Luna; of 
some. Reinethon Erde of Werner, — Colour, 
pure white. , 

Found in nests^ in compacted rounded kid- 
ney form masses. 

Liustrcy 0. Transparency^ 0. 

Fracture^ earthy. Fragments^ 0. Hard- 
ness, 4, brittle. Specific gravity, moderate: 

Feels meagre, but soft. 

Adheres very slightly to the tongue, stains 
very slightly. * 

. l9oes not readily diffuse itself in water. 

Infusible at 166^. 

It sometimes effervesces with acids, being' 
saturated with fixed air, a circumstance which 
is rarely observed in earths of the argillaceous . 
kinds ; and to this union we may ascribe its 
meagre feel, slight adherence to the tongue, 

and 
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and little uttraetion to imter. it is nfit, per* 
ftctlj pore ; for, it was foimfl b j Mr. Sebreiber 
to contain a very small proportion of aerated 
call, and in some specimens a little gjpsum^ 
Also sone feeble traces of iron ; but ( as it seems ) 
no silex^ \?hich distingnisbes it from claifs pro- 
perly so called . 

It bas been found at Halles, in Magdeburg^ 
axid^ as some say^ at Verona. 

Of Clags in genei'uL — ^Tbe constituent parts 
of clays are argill 4uid siliceous stones^ from the 
aiae of yi^ to Trvvrrv? of an inch. AH other 
icigpedients (except water ), and there are many^ 
are extraneous to its eomposition. 

The proportion of these two ingredieots to 
each other is variable ; sometimes the ar^ll 
exceeds^ but most commonly the siliceous m- 
gredient predominates. When the argill ex* 
ceeds^ its proportion to silex scarce ever reaches, 
but sometimes approaches^ the ratio of 4 to 1 ; 
but more frequently subsists in the ratio of 3 to 
1, or 2 to 1, or l/5 to 1, or approaching still 
nearer to equality. When thesiliceous ingredient 
exceeds, which is by far the commonest case, 
it is found at mosl^ and very rarely in the pro* 
portion of 6 to 1, more commonly in that of 
4 to 1 ; and still oftener to that of 3 to 1, or S 
to 1, more rarely it approaches an equality. 

lliese proportions produce different effects. 
Thus the clays^ in which the siliceous ingre- 
dient enters in the proportion of from 3 or 4 to 
h Are best for porcelain^ those in whicli the 
argill exceeds are best for coarse potterv ; ftnd 
particularly for the glass-house crucibles^ as 
being less acted on by alkalis *. 

• U A«n. C%. Mt. BNoi. BMcleck. 13y 9S. 

The 
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The kind of siliceous Aime ^hich coDstitQles 
the sandy part of clay^ should also be attended 
to ; I believe it to be more frequently quartz, 
but it may also be hornstone, or felspar, or of 
various other species, which will much influ- 
ence the internal properties of the clay. The 
nature of the sand should therefore be tried, after 
separating it as much as possible by washing. 
If the sand be of the quartz kind, it is best se* 
parated by boiling the whole in oil of vitriol, 
which will take up the argill and leave the 
quartz ) but if it be a comminuted felspar, or 
lather compound stone, this stone itself will bfe 
decomposed by that acid; so that the trial 
should rather be made on the part separated by 
washing. 

The calomrs that oceur in clays are Very au*^ 
merous, and depend on metallic, or Tegetable, 
or bituminous, or coaly particles, pure clay be^ 
ing always white. The ccdours arising from 
the particles of a vegetable, coaly, or bituminous 
nature, are destrojed by heat m an open fire, 
and therefore are no way prej udietal to the finer 
tiaes to which clay may be applied ; but ^ose 
arising from metaiHc particles are most obsti«- 
nate. Sometimes, however, the metallic par^ 
tides are engaged only in the coarser sandy 
fiart, and may with it be separated by elntria^ 
tion ; sometimes they are picked out by the 
hand. 

With respect to fusibility, we may renadk^ 
Uiat^ehtvi, which contfiin oaly argill and silex^ 
-Will melt in no heat that cAn be nrodnced by 
mir ftimaoes, in whatever proportion these two 
ingredieau nmy be to each other. 

But calcareous earA, in the pro|iortion of 10 
or lH per acM. will render any clay ftisible. 

Calces 
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Cakes of il*on;. if united to th'e argil 1^ ^ill 
(render the clay fusible ; but^ if united to the 
siliceous part, and if this part considerably pre^^ 
dominates^ the clay will not be fusible. 

It should Beem^ therefore^ that an additioB 
of pure silex to any clay in such proportion as 
not to destroy its ductility, would not render it 
fusible ; the addition of lime, or calces of iroD> 
would, on the contrary, render any clay fus- 
sible. 

As the infiltration of water frequently cdn* 
veys calcareous earth, and calces of ifbn, and 
as beds of coal obstruct this infiltration, benc« 
the clays found under coal are generally tlie 
most infusible. 

2nd Tribe, ^—Porcelain Clay. Kaolin. — Co- 
lour, white, greyish while, or reddish, or 
yellowish white. 

Lustre, 0. Transparency, 0. 

Friable and dusty, often compact. 

Adheres very slightly to the tongue.- • ,, 

Feels soft but not greasy. 

Hardness seldom e:iceeos 4; but lately some 
much harder has been found in Siberia. Ma- 
quart 430. Specific gravity (which is best 
taken when hardened by fire) varies with the 
proportion of its ingredients between 2,33 and 
%4t. That of Limoges^ which is worked with* 
out any mixture, has its specific gravity, 9,34L 
Brisson 273. 

In water it immediately falls into pewdev. 
Those of Japan,, and St. Iriez in Fraaee, are 
perfectly white ; those of Saxony, reddish, or 
yellowish ; those of China, and Cornwall, are 
with particles of talc and mica. 

IngenerafporceliHn earth is infusible in our 

furnaces^ 



ii Onnfed reamcked t fauti in maaii&cturirig 
thii eartb^ some fitfible ingredient is cammooljr 
mUmd; however^ nature flomettmeft fviniisliet 
these ingredients with the earthy and to ttiif 
oompound we camibt refuse the name of per- 
celaui earth 4 Aocording to Mr« Hassenfrats> to 
wISMi ■iweralQgy> in all its branches^ and the 
itrts therewith connected^ are nruch indebtedy 
the porcelain earth of Liaioees above mention- 
ed contains^ when dried^ 0^6^silex> 0J9 argtll> 
0J2 magnesia^ and Ofifl baroseleoite*. Mr. 
WedffWood^ in the porcelain clay of Cornwall^ 
fotmd on the contfUrj 60 per cent, af gill^ and 
only 20 of silex ; this clay is therefore infusible. 
Wmu dried bv a summer heat^ or that of a 
room moderately warm^ it loses about rvv of its 
weight t ^^ the neat of boiling water as much 
more i in that of melted lead^ and thence to a 
strong red heai^ in which copper melts ^, in 
all .,1^ I after that no more« The matter thus 
lost is common and fixed air^ but no infiam^' 
mable air« Henee it appears to differ from the 
fim tribe only inoanuuimg .ilex. 

3d Tribe. — Common Clayi in various states 
({f Induration. — Of this tribe Mr. Werner dis- 
tinguishes three sorts^ which I call families. 
Their inr^edients may differ considerably^ as 
they are denominated^ from their external ap«- 
peataaces only. They are all considered here 
in their purest state^ and dry. 

\st FawMg.-^^Potter's Clay. — Colour, gene- 

f rally neyish white, and then called pipe clay, 

or li^t yellowish, white, or grey, or dark 



tam^mmm 



^4 Ap. Chf. 144. 

T0li. I. M bluish 
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Wuish greff more rarely tto^woiilt l^dc, m 
pile reddish^ or greenkh grey^ or moimlaiit 
green^ ot •cfape- jeUow^ md oftn q»otted «Uj 
wikh thiSr '?.'»•' :..''!•♦• ' 

- X Ofisen found id large rtrlctaj • > t 

• Luttre> 0. iTranspareacjs 4iJ . 
' Fracturor fine' earthy^ andy fMm-ft.a 
of tiftft> sofaiewliat'UDeveR. t '.: 

It stains 4ibe Angers aKgiitly: > 

It acquires^ some {polish by< firiction. 
. It adheres 4o the iongtie diodemtely. . K • 
. It feels- greasy. . j . 

: Hardness^ .3 or 4. Specific • gravity fcem 
l^to«. 

It is entirely dilTusible in water ; and^x^when 
duly moistened, very ductile/ ' .. t 

When unmixed withmetallicpaffticles ( nvhich 
may be known by exposing it to a strong heat, 
as already mentioned) it is infusible at 160®; 
but it is not therefore fit for making porcelain ; 
for this requires. that the sandy part, should be 
of the greatest fineness^ and also that it do not 
retain water with obstinacy, which it always- 
does when the argill is not combined with fixed 
air; and hence, I believe, we may derive the 
practice of exposing clays to the aic for ^ long 
.lime, before they are employed. 
' . It does not effervesce with acids, unless cou- 
taminated with mild calx or magnesia in a con- 
siderable proportion,, and then is rather Ajssarl. 
There are few clays,, however, that dio not con- 
tain some proportion of calcareous earth. 

It is exposed to many contaminations from 
iron and pyrites; if iron be. united to theiargilr 
lacoous part, it is fusible. 

The proportions of argill and silex vary cour 
siclcrably, as wc have already seen. 

27ui Fa- 
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•-%$& Fmkibf .^-^IffBdtr (tied: Clay . V^rharfeter 
2%m^ df HTem^r.— Colbtir, grey, yellewith^ 
l^hiisfa^' or greenish' grey, 'or brick ot 'fle^ 
r»d,. or mountain green^ or reddish brewn^ ixr 
blackish* *brown. 

itf frequently . <5ontanis the roots of yege- 
tabiesr:- 

Lostre, 0. Transparency, 0. 

Fracture, earthy, sometimes participating of 
the even, and sometimes of the splintery, atid 
sometimes tending to the alaty. Fi^gme«ts, 1. 

Hardness, from 5 to ^« Specific gravity in«- 
cwisideirable. . 

Slightly adheres to the tongue. Often feels 
somewhat greasy ; often not. * In water it does 
not diffuse itself, but gradually falls to pieces, 
or crumbles into powder, and discovers but 
little diictility. » Some sorts do not moulder in 
many days. 
. It hardens when heated . 

Sturbridge clay seems of this sort. Colour, 
dark grey; does not adhere to the tongue. I 
found 100 parts of it iu the state of dryness in 
which it comes to us to contain 13,5 per cent, of 
moifitare, 12 of coarse sand, partly white and 
fer}'stalline, and partly brown and reddish brown, 
nld SO pfT cent, of a brownish sand, so fine as 
scarcely to be discerned through a l^is. The 
argillaceous part was grey, and contained still 
more sand, which could not be separated but 
by boiling in acids. 

Water quickly acts upon it, a white argilla- 
ciBOBs part soon diffuses itself, and. afterwards 
another part which is darker falls into powder ; 
hence it should seem there are two sorts of in- 
durated clay ; the sandy, and the clayey. 

m3 3d Fa, 
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Sd FafnUjf.Shtstose Claif.-^l9$ VmrMgi.^^ 
Slate Clay, Shalf. Shiefer Then qf Werner. 
— 4i:olour^ generally bluish, or yellowish grey, 
more rwely dark blackish, or reddish grey, or 
^eyish black, or greenish yellow. Often umnd 
in strata, particuhirly in coal-mines, of which 
it is almost a sure fore-runner; it commonly 
bears vegetable impuressions. Its surface gene- 
rally knobby. ^^ 

Lustre, externally it hath often some gloss^, 
but none in its fracture^ or only presents a few 
shining particles . Transparency, 0. 

Fracture, slaty, sometimes bordering ois 
earthy. Fragments, 2. 

Hardness from 4 to 6. Specific grarity firon 
^,6 to 2,68. 
. Adheres slightly to the tongue. 

Feels meagre or merely smooth. Gives m 
white or grey streak. 

Gradually moulders and falls into powder in 
water; but the harder sorts very slowly. The 
harder as that in Leske^ . 786, melted into a 
frothy mass, partly lead coloured, and partly 
dark greenish yellow^ between a porcelain and 
an enamel. Another specimen^ Leske, . 784, 
Incited at 151^ into a frothy mass^ partly pearl 
grey^ and partly liver brown^ between porcelaai 
and enamel. 

When it contains mica it is not so proba-* 
ble an .indication of coal. Yoight, JPrack. 
Gebirg. 85. 

2nd Variety. — Bituminous Shale. — Brant* 
$hi^er of Werner. — Colour, brovmish black, 
or blackish brown, and looks like bad coal. 

Found in considerable stratified masses. 

Lustre^ 
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Lustre^ 0^ or h Transparency^ 0. 

Fracture^ slaty ; the slates mostly tfain^ often 
thick. Fragments tabular. 

Hardness^ 5. Specific gravity about 2000. 

Its streak somewhat glossy. 

It often effervescesj though yery slowly^ with 
the mineral acids« 

Feels rather greasy. 

Placed on burning coals^ it bums with a 
weak flame^ and siuphureous smell ; the re- 
siduum is then light grey. It thus loses a 
considerable part of its weight. Some will 
hardly bum but with the assistance of bel* 
lows. 

It seems to differ from the former Tarietyj i« 
containing bitumen. 

The specimen in Leske^ O. 961^ has its spe-» 
cific gravity 1^995; and that of Leske^ 959, 
has its specific gravity 2fib3. Both effervesce^ 
though very slowly^ with acids. 

It ^metimes bears the impression of fish 

4th Familif. — Fuller's Earth. — Walker ede 
of the Germans, Smectis. — Colour, the fossil 
so called, has almost always some shade of 
green, commonly light olive, greenish grey, or 
greenish white, or greenish brown, more rarely 
yellowish grey, or greyish white. The greenish 
shade is made more visible when the earth is 
breathed on, or moistened. Flesh red has 
Also been found in Saxony, but of an inferior 
quality. 

Lustre, 0. Transparency, 0. 

Fracture, earthy, often inclining to the un- 
even, sometimes to the slaty, sometimes fine 
earthy, and slightly participating of the con- 
choidal . Fragments, 0. 

M 3 Receives 



Receives a polish from {riction; ' ' - ; 
I Does not adhere to the tongue. .yJ 

Feels somewhat creasv. ♦ . • 

Hardness 4, almost friable. * ' ' 

In water it readily falls into powder wilht)ut 
considerable diffusion^ or forming a pulpy-mass. 
Some imagine these earths should froth and 
lather with water, but though this possibly 
might sometimes happen^ yet certainly not ge- 
nerally ; for Mr. Werner denies this property 
to the fulling-earths of Saxony, Mr. Bergman 
to that of Hampshire, and Mr. Becker to that 
of Westerwalds*. 

Mr. Bergman has given an accurate account 
i>f the fuller's earth of Hampshire ; its colour 
is brow n, with a scarce perceptible shade of 
green, and streaked with pale yellowish veins, 
with some slaty appearance. Water boiled on 
it for half an hour, though filtered, still retains 
80 much of it as to diminish its transparency. 
In this water the solution of marine baroselenite 
discovers nothing vitriolic ; but the solution of 
silver does indicate some traces of marine acid. 
If this earth be heated to redness, it blackens ; 
but this blackness vanishes in a higher heat, 
which shews it to proceed from some vegetable 
or coaly matter. When heated it slightly de- 
crepitates, and in a strong heat forms a brown 
spongy mass. Heated with miclrocosmic salt, 
it at first effervesces slightly, but afterwards is 
scarcely acted on; borax corrodes it better, but 
consumes it slowly. Soda attacks it with con* 
sidcrable eficrvescence. By his analysis it con- 
tains 0,518 silex, 0,25 argill, 0,033 aerated calx. 



* Werner, Cronst. 182. 4 Bergm. 155. 1 Berl. Beob. 20. 

0,037 



6,087 talx of iron^ 0^007 aerated^ magnesia^ 
0^155 moisture^ or volatile matter.- 

Though this earth contains 4 per cent, of 
substances that should effervesce^ yet it does 
sot effervesce with amd^s ; which induces Mr. 
Bergman to thinks that the calx, and magnesia 
may be chemically combined with the argill^ 
andooi merely mechanically mixed as in marls. 
Some fuliing-earths^ it is said^ effervesce slightly 
with acids ^^ but the best certainly do not ; and 
it is plain from the small quantity of effervescible 
matter found in that of Hampshire^ that neither 
the calcareous ingredient, nor the magnesia^ do 
of themsdvescontribiitewthe least to the fulling 
property. The greatiise of this earth is to de- 
prive the cloths of greasy substances with which 
they are impregnated^ before they are soaped ; 
this advantage they evidently derive from the 
argillaceous ingredient ; this^ therefore^ should 
be suflSciently copious^ not less than 20 or 25 per 
cent, and not too unctuous^ for it would not then 
readily diffuse itself in water ; perhaps, indeed^ 
the union of the calx and magnesia contributes 
to this prompt diffusibility. The siliceous in- 
gredient should be very fine, lest it should cut 
the cloth ; this fineness is indicated by the po- 
lish the earth receives by rubbing it with the 
nail; hence any clay that possesses these pro- 
perties may be used for fulling f ; but a mixture 
of pyrites, or 3 or 4 per cent, of calx of iron^ 
is hurtful. 

In Saxony this earth commonly lies under 
mould ; in England under sandstone or sand, 
and over sandstone or limestone ; in Germany 
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* 2 Gcrh, Gesch. 330. 

t 4 Beigm, 139« 2 Giexh. Gesch. 352. 1 Oeattnoe Hist. 
Na^ Langaed. 158. 
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it hM idto been often found so situated ; mn»» 
times loo in. t)ie neighbourhood of trap^ or 
basidt, 1 Berl. Beobacht, 91, 

4th Tribe.-^The finer clays in various states 
of induraticm. 

l$t Familj/ '-^Lithomargfi, Steinmdrck of 
the Gerfizan^.^'^Theseei^rths are principally dis- 
tinguished by their great fineness^ and fusibi* 
lity into a frothy slagg. 

1st Variety, -^The friable or ci^unibling 
kind.^-CoXont, ^hite^ or yellowtshj or reddish 
white. 

Lustre^ 1 or 0. Transparency, 0, 

Seldom loose^ roost commonly moderately co* 
herent^ and formed of scaly or exceeding fineparr 
ticles^ and then adheres strongly to the tongpie, 
fScarcely stains the fingers. 

Feels very smooth Assumes a polish by 
friction with the naiL 

Fracture, ^rthy, often uneven, and grossly 
conchoidal. Haroness from 3 to 4. Specific 
gravity exceedingly light, 

III water it immediately breaks and falls into 
powder. 

%nd Variety, — IndurxitedLifhomarga.'-^o* 
lour, greyish, reddish, or yellowish white, or 
pearl grey, or flesh red, or brownish red^ or jeU 
lowisb, or reddish, or IiTer<-brown^ or ochre, or 
Isabella yellow, or bluish grey, or violet blue» 
or lavender blue, or spotted or veined with 
these different colours. 

Generally found in nests or veins of roeks, or 

entering 



wtcrkig into the composition of a^^ogate 
stones as a constituent part. 

Surface^ frequ^itly very smooth^ polished, 
and fine and close grained, bavingi the a^ct of 
a stone, 

Lustre, external, often 2; internal, 0. Trans- 
parency, 0. 

Fracture, earthy, often conchoidal, more or 
less perfectly, or inclining to the even ; nay, 
sometimes to the slaty. Fragments, 0; yet 
sometimes 2. 

Hardness from 4 to 6, or even 7. I found 
the specific gravity of the harder sorts, 2,815. 

The softer sorts adhere strongly to the tongue 
where newly broken, the harder sorts very mo«- 
derately*. 

Commonly feeb very greasy^ or at least 
smooth, yet some feel dry and dusty. Does not 
stain the fingers. The softer acquire a polish 
by friction. 

The coloured give a streak, or powder of the 
same colour. 

In water the harder sorts do not easily yield ; 
but the softer immediately crumble. Accord- 
ing to Cronsted, $ 85, the characters of this 
earth are, 

1st, A smooth soapy surface while dry. 

2nd, A gradual disintegration in water; 
first into small pieces, and afterwards into 
grains, but not into a pulp, as happmis to pot-- 
ters clay. 

3d, in a strong heat, fusion into a firothy 
mass, which occiq>ie8 more room than the crude 
earth had done. 

4th, A lamellar, or rather, as Mr. Befgouui 
quotes it, a conchoidal fracture. 

* 2. Beigm. J. 1/86, 520, 

The 
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The earth, caHed mountain soap, differs from 
this only in being softer, feeling more greasy, 
adhering more strongly to the tongue. Its co- 
lour is dark brown, or pearl grey ; its fracture 
eart«iyy or participating of the earthy aud con- 
choidal. Hardness, 4. 

Mr. Bergman analyzed the grey Lithomarga 
of Osmund ; its surface feels greasy, though 
somewhat uneven. It appears slaty, yet its 
fracture is conchoidal. Fragments sharp. Hard- 
ness 5 ; it is acted on by water as above-men- 
tioned • does not lather, yet is detersive, it 
melts into a white frothy mass. It contains 60 
percent, silex, 11 argill, 5,7 aerated calx, 0,5 
aerated magnesia, 4,7 calx of iron, and 18 of 
water and air. 

The beautiful earth, called terra miraculosa 
Saxonia, is by Mr, Werner reckoned of this fa- 
mily; but, if fusibility be an essential pro- 
perty of lithomarga, this earth does not belong 
to it ; for neither of the specimens, 1080, 1081, 
Leske, O. are fusible in a h^at of 150", but 
harden into a brittle blackish mass, and seemed 
to me to contain charcoal. The specimen 1880 
possesses, indeed, all the other characters of the 
harder lithomargas; but the specimen Leske, O. 
1079, • feels dry, and scarcely adheres to the 
tongue ; so that I consider it rather as an in^ 
durated clay. 

A lithomarga phosphorescing when scraped, 
of a pearl colour, and somewhat semi-trans- 
parent, was discovered in the Hartz by Baron 
Trebra: i €hy. An. 1784. Lasius, HartzSlS. 
Is it not rather a mixture of lithomarga and 
bole? 

* ^Sd'Tamily.-^Bole^-^olQVLTy dark Isabella 

yellow, 



yellow^ strongly inclining, to bro^n^ or pale li- 
>rer brovi^n^ sometimes dotted ox variegated with 
iilack 8pots> or dendritical figures, or reddish 
brown^ seldom flesh red. 
. . Lustre^ O. Transparency, scarcely 1. 

Fracture, conchoidaL Fragments, 2. 
" '.'Acquires a polish by light friction ; scarcely 
adheres to the tongue ; feels gn'^asy. 

Hardness, 4. Specific gravity from 1,4 
to 2. * 

. . It immediately crumbles- m water into pow- 
-der, and not into pieces. 

Mr. Bergman comprehends this earth under 
the head of Lithbmarga, and gives the follow- 
ing account of Lemnian earth, which is ^ne of 
.the mostnoted boles. Colour, yellowish.; sur- 
face^ smooth and polished like agate ; fracture, 
coBchoidal; fragments, angular; grain, close 
and indiscernible ; hardness, such as to admit 
iieing scraped by the nail. In water it falls to 
pieces; and these into powder ; it does not froth 
like soap, but possesses a detersive power, like 
fuller's earth. 

When heated to a sufficient degree it melts 
into a frothy scoria. 

By his analysis it contains 47 per cent, silex, 
19 argill, 5,4 aerated calx, 6 aerated magnesia, 
5,4 calx of iron, and 17 of water and air. 
4 Bergm. 167, 

- Hence we see, that alLtfae softer sorts of litho- 
marga are detersive in some degree, and learn 
to value the external characters of Mr. Wer- 
ner, which point out the best for the purpose of 
fulling. 

4:th Tribe.— Argillaceous Marls. — Colour, 
grey, yellowish, or greyisb, or brown, or yel- 
lovi^ish, or reddish brown. 

Found 
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Found in considerable strata. 

Lustre^ 0. Transparency^ 0. 

Fracture^ earthy^ sometimes slaty^ sometimes 
conchoidal. Fragments^ 0> 1^ 3. 

Hardness^ from 4 to 7. Often shatter y. 
Specific gravity^ from 2,4 to 2,6. 

Feel somewnat unctuous^ and adhere to the 
tongue. 

EierTCsce with the mineral acids> but fre* 
quentiy refuse to do so with Tinegar. 

Moulder and crumble by exposition to the 
air^ more slowly than calcareous marls, some- 
iimes requiring 5 or 6 years. 

When heated they harden into an imperfect 
bricks which is slowly disintegrated by water. 

In a greater heat they form a slagg. However^ 
if they contain a large proportion of sand^ the 
bricks formed by them are quickly disintegmled 
by water. 

They contain mild calcareous earth, in the 
proportion of, from one-tenth to one-fourth of 
the whole. 

To Dr. Withering, of Bicmingham, we are 
indebted for many well-directed experiments on 
these marls. He found, 

1st, That a red compact marl, that was so 
plastic as to form and bum to a brick, contained * 
one* tenth of its weight of mild calx. 

&d, A grey, in hard lumps, was also plastic^ 
but gritty, and formed a soft brick ; it con- 
tamed one-sixth of its weight of mild calx*. 

3d, A red, with grey spots, and very hard, 
contained about one-fourth of aerated calx ; yet 
it was plastic and burned to a grey hard stone* 

Mr. Andreas published a good dissertation on 

* Phil. Trans, vol. Ixfii. 

marls 
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marla in Oerman^ in the year 1760^ in wHidi ht 
distinguished marls as follows : 

Ist, Mari^ properly so called^ consisting of 
equal parts of clay and mild calx^ that is, 
chalk. 

* Snd^ Calcareous marl^ consisting of three 
parts chalk and one of clay. 

3d, Argillaceous raarl^ consisting of three 
{larts clay and one of chalk. Again^ if the 
marl contains coarse sand^ gypsum^ or mica, he 
makes the following subdistmctions : 

Ist^ Sandy marl ; Snd, Sandy calcareous marl ; 
dd^ Sandy argillaceous marl. 

Again^ 1st, Gypseous marl; 2nd Gypseo-cal<- 
careos marl ; 3d, Oj^seo^argillaceous marl. 

And lastly. Micaceous marl ; Micaceous cal- 
careous; and Micaceous argillaceous. 

bth Tribe. — Colorific Earths, or those which 
strongly stain the fingers. 

laf Familff. — Red, Reddle. Rubrica fa^ 
brilis. Rothel, Leske, O. 973.— Colour, dark 
eochenille red, or intermediate^ between brick 
and blood red. 

Lustre^ 0. Transparency, 0. 

Fracture, earthy, sometimes conchoidal. 
Fraigments, 1 . Hardness, 4. Specific gravity, 
iMCoosiderable. Adheres pretty strongly to the 
tongue. 

Feels rou^h ; assumes a polish from the nail; 
strongly stams the fingers. 

In water immediately falls to powder ; doei 
not become ductile. 

Does not effervesce, iior easily dissolve in acids. 

When heated to redness it crackles and grows 
Uack; at 159<»the q>ecimen, Leske, O. 979, 

melted 
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floelled' into & dark greenish yellow fririhy 
enamel. * i 

'; It difiers from red oohres only by containing 
more argiil. The red colour proceeds froiD 
oxygenation and the absence of acid.. The 
moi^ iiT and water is expelled by heat, the 
browner it grows. 

2nd Fatnilp, — Yellow. Gelbe Brde. Leskti 
O. .1098.-— Colour, ochre yellow. 

Lustre^ externally often hath some glos»; .but 
internally none. . Transparency, 0. 

Fracture, earthy> often inclining to the con-r 
cfaoidal. Fragments, 0. 

Hardness, 3. Specific gravity inconsiderable. 

Adheres strongly to the tongue ; feels ftihooth, 
or somewhat greasy; takes a high polish from 
the nail ; strongly stains the fingers. 

In water it imftiediately falls to pieces with 
some hissing; and afterwards to powder, but 
does not dimise itself through it. 

It does not effervesce with acids, nor is ealily 
soluble therein. 

Heated to redness it crackles, hardens, and 
acquires a red colour ; gives a reddish stredL 
At 156^ I melted the specimen, Leske, O. 1098, 
iUo a liver-brown porous porcelain mass. . 
. This yellow eartn di&rs from ochres only ili 
containing a greater proportion of argill; Xkk 
yellow colour proceeds from the calx of iron; 
highly oxygenated, and probably containing 
both water and acid. The earths that coatain 
» larger proportion of iron have rather an orange 
colour. 

According to the analysis of Mr. Sage,, of 
Paris, who hks the merit of preserving to his 
countrymen the immense gains the Dutch ofe^ 

quired 
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quired by concerting this yellow etrtih m%6 
what is there called English red^ it contains 6A 
per cent, argill^ 40 calx of iron, 10 of' wafer, 
acidulated by vitriolic acid. Mem. Pao. 1779^ 
313. 

SdFamilij. — Black. Black Chalk. Sehwartze 
KreidCy Z eleven Schiefer, Leske, 0. 972. Pitfre 
noiVyOfBrisson^p. 163.-r— Colour, greyish blacks 

Lustre, 0. Transparency, 0. 
. Fracture, imperfectly eurved slaty; Fvag« 
ments', 1 ; partly flat, partly long splintery.. 

Hardness, 5, specific gravity 2^114, by my 
trial ; per Brisson 2,186 before absorption^ 
2,277 after absorption of water. , . ^ 

Adheres slightly to the tongue, feels smooth, 
assumes a polish from a knife^ gives a black 
streak, and marks black. 

In water does not readily moulder; but if 
taken out it cracks in a short time. 

Does not effervesce with acids, or easily dis • 
solve therein. 

Heated to redness it crackles and becomes 
reddish grey. . 

It contains somewhat vitriolic. 

4th Family. — Green Earth. JLeske, O. 1013, 
— Colour, greyish green. 

Found generally in lumps in the cavities of 
other stones, or externally investing them. 

Lustre, 0. Transparency, 0. 

Fracture, earthy, sometimes uneven; some- 
times verging to the conchoidal. Fragments, 2. 

Hardness, from 6 to 7. Specific gravity 
2,637. 

Sometimes feels smooth ; but often scirroely ; 
docs not assume a polish from the. knife^aor aa-* 

here 
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ttark nrhile dry^ and when vet but ligbtiy. 

In water it often crumbles after standing 
about half an hour. 

Does not effervesce with acids» nor is easily 
soluble therein. 

Heated to redness it crackles and becomes of 
a dark reddish brown colour ; at 147^ the spe^* 
ciBMn, Leske, O. 1013, melted into a black 
compact glass, resembling that of basalt. This 
shews it to consist of silex^ ^rgili, iron not much 
oxygenated, and calx of nickel^ from which 
tin green colour is derived^ besides water. 

Of Umber, — A brown or blackish substance, 
very light, which moderately stains the fingers, 
and strongly adheres to the tongue ; has long 
been taken for a sort of clay : but Mr. Hupsch, 
in the Memoirs of Berlin^ for IT77 ( and^ long 
before that. Dr. Hill^ p. 63)^ has shewn it to 
consist chiefiy" of particles of decayed wood^ 
mixed with bitumen. This name hath also been 
given to an ochre of the same colour, which be- 
comes red when slightly heated ; but in a stronger 
heat again becomes brown ; and in a still 
stronger melts into black glass It is therefore 
a compound of clay and iron, but in which the 
iron is the prevalent ingredient. It does not 
effervesce with acids before tor refaction ; but 
after that operation the martial part is easily 
acted on. 

Differences of the foregoing £flrtJw.— As 
the distinctive characters of earths are found 
variously combined in the earths above describ- 
ed, their discrimination will be much assisted 
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by shewing the properties that distinguish each 
from all the others. 

Native Argill is distinguished^ 

From Porcelain earth, often by its colour^ or 
effervescing with acids, and its crystal- 
line appearance when viewed through a 
lensy lis more meagre feel ; but best by 
its almost total solubility in vitriolic 
acid. 

Potter's clay, by the above properties, and 

a slighter adherence to the tongue. 

Indurated clay, by its colour, cohesion, 

and absence of sand. 

Slate clay, by its colour, cohesion, frac- 

ture, and infusibility. 

Fuller's earth, by its colour, meagre feel, 

and infusibility. 

Friable lithomarga, by its meagre feel, 

slight adhesion to the tongue, and in- 
fusibility. 
-^ — Indurated lithomarga, by its colour, co- 
hesion, meagre feel, and often by its 
dulness. 

Boles, by its colour, opacity, fracture, 

and meagre feel. 

Maris, by its colour, fineness, cohesion, 

absence of calx and sand. 
■ ■ ■ Colorific earths, by its colour, inadhesion 
to the tongue or fingers. 

Porcelain Clay is distinguished. 

From Potter's clay, often by colour^ always 
by its friability, inunctuosity, fineness 
and lighter adherence to the tongue^ 
and lesser diffusibility in water. 

. VOL. I. ' N From 
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From Indurated clay^ by its colour^ degree of 
cohesion and fineness. 

Slate clajjy by colour^ degree of cohc 

sion^ fracture^ and fineness. 

Fuller' s^ earth, by colour, degree of co- 

hesion, and inunctuosity. 

Ffiable lithomarga, by moderate adhe- 

sion to the tongue. 

Indurated lithomarga, by its degree of 

cohesion, of adherence to the tongue^ 
and by colour. 

Boles J by its colour, fracture, inunctuo- 
sity, 

' Marls, by colour, fineness, inefTervescencc 

with acids. 

Colorific earths, by colour, inadhesion to 

the fingers, fineness. 

Potter's Clay is distinguished,' 

From Indurated clay, by its degree of cohe- 
sion, adherence to the tongtie or fingers^ 
unctuosity^ and difi^usibiiity in water. 

■ Slate clay, as from the last mentioned ; 

and also in fracture. 

Fuller's earth, by colour, adhesion to tb« 

tongue^ unctuosity^ suspensibility in 
water. 

Friable lithomarga, by its inferior fine- 

ness, siboothness, and adhesion to the 
tongue ; and its superior hardness and 
suspensibility in water. 

Indurated lithomarga, by its inferior 

fineness, hardness^ smoothness, lustre, 
and fracture; and also by its greater 
diffusibility in water^ as well as duc- 
tility. 
Boles, by its colour, adhesion to the 

toti(^e^ 
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iMgue^ ioferior fineliess ; and' also by 
fracture and diffusibility« 
■ ^ ' Marls, by its fineness^ bardness^ and ki-- 

effervescence with acids. 
' ■ Colorific earths y by its colour and intinc* 
tivity. 

Indurated Clay is distinguished^ 

From. Slate clay, by its fracture^ and com- 
monly by its colour. 

FvUer^s earth, by its harchness^ Aracture> 

inferior unctuosity^ and friability^ and 
disintegration in water. 

Friable lithomarga, sufficiently by its 

hardness. 

Indurated lithomarga, by It^ inferior 

fineness, lustre^ adhesion to the tongue ; 
and often in the fracture and unctuo- 
sitT. 
■ Holes, sufficiently by its superior hard- 
ness: and fineness ; and also by its frac- 
ture. 
— —• Colorific earths, sufficiently by its intinc- 
tivity. 

Slate Clay is distinguished sufficiently^ 

From All others, by its fracture, form and 
colour. 

Fuller's earth is distinguishedj 

From Lithomargas, by its adhesicm to the 
tongue^ inferior fineness^ (and often) 
hardness. 

Sole9, by its colour, fracture^ opacity/ 

and inferior unctHOsit^. 
Colorific earths, by its mtinctivity. 

M 2 Friable 
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Friable Lithomarga is distinguished^ 

From Boles, by adhering to the tongue^ by 
friability^ and generally by fracture, 
colour, and hardness. 

■ Marls, by its fineness, adherence to the 

tongue, and ineffervescence . 

Colorific earths, by its intinctivity. 

Indurated lathomarga is distinguished. 

From Boles, by adherence to the tongue, opa- 
city, and generally colour ; often by 
hardness. 

Marls, by its fineness and ineffervesci-' 

bility. 

' These earths, however, are oftea mixed, and 
consequently must exhibit mixed characters ; 
but by an attentive consideration of these the 
families so mixed may be inferred and disco- 
vered. The arbitrary imposition of names, 
without any precise enumeration of the proper- 
ties denoted by these names, has already intro- 
duced much confusion in mineralogy; Mr. 
Werner has laboured very successfully in re- 
moving it ; the denominations should therefore 
in future be taken in the sense to which he has 
confined them. 

« 

6th Tribe. — Harsh and rough Earths. — Of 
these are two families. Tripoli, and Pouzzo- 
lana, or Terras. 

1st Family.— Tripoli. Hill 67.— Colour, 
generally pale yellowish grey^ or Isabella, or 
pale ochre yellow, or pale or reddish brown, or 

greyish. 
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grcyisb, reddish^ or yellowish whUe^ seldom 
greenish white. 

It is found in a loose earthy^ but oftener in 
an indurated^ consistence. 

Lustre^ 0. Transparency^ commonly ; yet 
that of the harder sorts^ if wct^ often 1 . 

Fracture^ earthy ; in the harder sorts in- 
clining to the flat conchoidal^ sometimes verg- 
ing to the slaty. Fragments, 0, 1. 

Hardness from 4 to 7. Specific gravity of 
the harder sort^ after sufficient absorption of 
water, 2,529*. Feels harsh, dry, and fre- 
quently dusty ; slightly^ or scarce at all, ad- 
herent to the tongue ; takes no polish from the 
nail ; does not stain the fingers. 

In water the softer sorts soon crumble into 
powder ; the harder sorts imbibe it, but crum 
ble slowly. 

It does not efiervesce with acids, unless mix 
ed with marl, as it frequently is. 

It frequently reddens when heated. 

Mr. Haasse found this earth to contain 0^90 
silex, 0,07 argill^ and 0>03 iron. 

Another stone, seemingly of this kind, though, 
differing in some respects, was analyzed by 
Mr. Klaproth, its colour was whitish grey ; 
its fracture, from a number of horizontal rifts, 
seemed slaty ; to the touch it was meagre> and 
adhered strongly to the tongue. Its specific 
gravity, 2,080; it imbibed water strongly. 
He found it to contain 0,665 silex, 0,07 ar 
gill, 0,025 calx of iron, 0,015 magnesia, 0,0125 
calx, and 0,1 9 air and water. 2 Chy. An. 1790, 
302. 



* The speciineD> whose specific gravity I determined, was 
that in Leske, O. 98!. , 

n3 . It 
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tt i« often of pseudo^voleanic origin^ Mnp^ 
pears from the Paris Memoirs^ of 17^^ 276 ; 
and perhaps also sometimes really volcanic ; but 
it also frequently arises from ihedeeomposition^ 
or disintegration^ of other stones. 

2nd Family.^ — Fouzzolana, m^ Terras. ^^Ot 
this I shall treat under the head of Volcanic 
Products. 

Slaie C/rtf/*.— 'This is a sort of clay lately 
noticed^ and described by Professor Struvius^ 
and found in those elevations that afford salt 
springs^ and itherefore worthy of particular at- 
tention. 
* Colour, dark bluish grey^ inclining to black. 

Found in .eonsiderable masses. 

Lustre 0, except in the rifts^ and there 2. 
Transparency, 0. 

Fracture^ earthy^ yet unequal^ dkcovecing 
thick curved lamine irregularly compacted. 

Fragments, obtuse^angled. 

Hardness from 4 to 5. Specific gravity in- 
considerable. 

It stains slightly, adheres somewhat to the 
tongue, and feels somevi^hat greasy. 

Besides argill, it contains some magnesia, and 
calcareous earth. It is plainly only a variety 
of slate clay. 

Mhcellaneous Observations. '■-^Co\ouwdc\9;f9 
df the common or coarser kinds, which are <by 
French writers called glaise, were found by 
Mr. Morveau to contain some contamination of 
the vitriolic acid ; but in white clays he could 
discover none. 1 Encyclop. Chym. 122. 

* Bergm. Journ, J70l,'M4« 

This 
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This acid is probably united to tilie ferrugi- 
JAOUS ]iajrticles that are found in those clays^ and 
to which they owe their colour and fusibility. 
The yellow, however^ sometimes derive their 
colour from regulu^ of antimony^ bismuth^ lead^ 
silver^ or sine. Rinman^ Hist. Ferri § 197. 

Blue cla^s and marls sometimes whiten when 
heated^ and consequently owe their colour to 
volatile matter^ eoal^ or bitumen; but some 
redden^ and contain pyrites. This trial should 
be made before they are used as a manure ; as 
tbe first are innoc^it^ the last hurtful. Neither 
Beaume nor Woulfe could find any vitriolic 
acid in some blue clays, most probably in those 
of the first kind, and possibly not even in the 
second^ as the barytic test^ the nicest of all, 
was not .known when their experiments were 
made. 

Mr. Bergman found copper and cobalt in 
some blue clays ; from others Mr. Rinman ex- 
tracted 13 per cent, of iron, and 4 of lead, be- 
sides some traces of zinc. § 201 . 

Black clays are sometimes bituminous, some- 
times pyritous. 

Dr. Watsoti, in his elegant and useful tracts^ 
vol. ii. p. 388, mentions a singular clay (or 
rather earth, since it contains no sand), which 
burns to a white brick. It contains 25 per cent, 
of aerated calx, 2^2 selenite, with a small quan- 
tity of calx of iron, the remainder argill. How- 
ever, as this clay was not treated with vitriolic 
or any mineral acids^ which alone can separate 
the argillaceous from the siliceous parts, it is 
probable, it still contained sand of great fine- 
ness. I also believe the selenite to have heea 
formed during the. drying. 

Of brick clay the colours are various^ red* 

N .4 disb. 
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disfa^ 'bluish^ brown^ or 3'enowi8h; the best is 
that whicb^ when burned^ has the fewest cracks^ 
and this depends on the proportion of sand it 
contains ; if it contains too muefa^ the clay will 
not be sufficiently ductile; if too little^ the 
bricks will be rifty; and in that case more fine 
sand should be added. Therefore^ potter's 
clay^ if sufficiently sandy^ will serve ; the best 
proportion is, I believe, 0,86 silex to 0,14 of ar- 
gill. Argillaceous marls are also very proper, 
but they should be well burnt to vitrify the cal- 
careous part; but calcareous marls vitrify too 
easily, and therefore require an addition of clay. 
The coarse martial clays, that contain scarce 
any calcareous particles, arc best; when slightly 
burned they are reddish, when more, they be- 
come yellow, or browner. Salt thrown into the 
kiln when at its greatest heat, will vitrify the 
surfaces of the bricks, and prevent their absorb- 
ing water. 

This clay often contains selenite, which is 
decon)posed by the common salt contained in 
mortar, and hence the glauber salt found efflo- 
rescing on bricks. This is also decomposed by 
the joint action of fixed air and lime; and 
hence the efflorescence of mineral alkali. 

Volatile alkali has often been found in clays 
and earths, particularly in those that contain 
iron; a circumstance which had long puzzled 
mineralogical writers; but which has of late 
beeii happily explained by Dr. Austin, whose 
premature death cannot be too much deplored. 
He has shewn, by well contrived experiments, 
that when infianimable air, in its nascent state, 
slowly and gradually meets mephytic air, they 
combine and form vol. alkali. Now iron, in its 
metallic state, soj^ourning with water, always 

extricates 
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extiiratesi inflammable air ; which meeting with 
the mephytic part of the common atmosphere^ 
thus forms Tolatile alkali. 

2nd Class. — Stony substances of the ar- 
gillaceous genus not mouldering in water. 

1«^ Species. — Argill combined with vitriolic 
acid^ or sulphur. 

This forms ores of alum^ and shall therefore 
be considered in the 3nd part of this treatise. 

2nd Species, — Argill combined with the 
phosphoric acid. 

Phospholite, ^-The stones^ commonly called 
Valentia garnets, are suspected by Mr. Proust 
to be of this species. I have seen no descrip- 
tion of them ; they may be the garnets of Spain^ 
mentioned in 1 Raab's Catalogue^ p. 155. 
These are of the colour of hyacinth^ transparent^ 
and of a dodecaedral figure ; exposed to the 
blow-pipe they burst ; but in a moderate heat 
they swell like borax^ whiten^ and become 
so lights as to swim on water^ after which 
they are difficultly' fusible. 1 Ann. Chym. 
196. 

3d Species. — Lepidolite. Lilalite of some. — 
Colour^ in the mass^ is violet blue^ but in thin 
lamintB silvery white. 

Lustre^ pearly^ 3. Transparency^ 1^5. . 

Fracture^ straight foliated. Fragments^ 2, 

Presents fine-grained distinct concretions^ ea- 
sily separable. 

Hardness^ from 4 to 5. Brittle. Specific 
gravity, 2,816. - 

Before 
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Before the blow-pipe it meltB wdtk Hr wmA^ 
fvAe mumesceoce ioto a wiiite temHranfipacent 
enamel ; with mineral alkali it ^sUghtlj effer^ 
vesces^ and affords a red and blue spotted mass, 
Microoosmic salt graduaHy dissoWes it ; borax 
more readily ; the Arst into a *white^ fthe laat 
into a clear colourless peail. 

Exposed to a red heat for half an hoiir^ it ac- 
quires an Isabella yellow colour^ and losea about 
1 per cent, of its weight ; in a inelting heat it 
forms an opaque >reddish grey enamel^ glittering 
in the fracture^ and loses 25 per cent, of its 
weight. 

By the analysis of Mr. Klaproth it^oi^ini 
54^5 percent, of silex, 3S,25 of argilL 00^75 of 
iron and manganese^ 2,b of water and 9it. He 
found a loss of 'four gvains^ which aro6e from 
the dissipation of some unknown matter which 
eaused its fusibility. 

4*k Species. -^Sappat^e. Cyanite of iWerner. 
~-Colour^ bluish grey^ or pairtly gieyish hlue^ 
partly greenish or yellowish: grey^ 9treaked with 
ftKure or deep blue^ .often in «ome ^pots reflect- 
ing a silvery white. 

Iiustre^ pearly^ 2.3. Transparency, when 
thin, 3. 

Fracture passes from the diirergingly broad 
striated, into the. curved foliated. 

Fragments 2, long splintevy. 

It is found of thin distinct lameUar oonercr 
tions, which :are in part accumulated in grains^ 
feels somewhat greasy. 

tiatdneas from 6 to 9. ft^ittle. Specific 
gravity from 3,092 to 3,517. That of the sjjc- 
cimai which I exanuned^ which is the greyish 
blue, Leske, O. 1185, was 3,09g; that of 

the 
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Ae optcJiiiftii exaniiiioA inf Mr. <de SniMnre 
3,517. 

Heated io 'fedneas it beeame whiter, and had 
a more talky apffteaMnse ; at 157"* it became al- 
most perfectly wlute, but looked duller^ aod 
betrayed not the smallest inclimitioii to fusion. 
It IS difficultly fused by borax, scarcely 
by microcoamic salt, and not at all by fixed ail* 
kalis. According to Mr. Sauasure, jun. it is 
composed of 0>669S argill^ 0^1385 smaflnesia, 
0J291 silex, 0,0171 cak, and 0,0548 iron. 
The calx seems an adventitious ingredient. 

Mr. Struvius^ in CrelPs Annals for 1790^ 
^ves a very diflEarent account of the composition 
of this stone ; for, according to him, it con^ 
tains 0>515 silex^ 0,S05 magnesia, 0^055 argill, 
0,04 calx, 0,05 iron, 0,036 water or loss. vBot 
his experiments not beii^ detailed, nor his me*- 
thod known^ I cannot set his analysis in com* 
petition with that of Mr. Saussure, which ap- 
pears to have been cacefully and akilfully 
executed. 

bth Species.^— Miea, Muuaavy Talc, Glimmer 
of the Germans. --^lU colours are, grey, or yel- 
lowish, or greenish grey, or siWery white,. or 
y«Uowish, or reddish brown, or copper red, or 
gold yellow, or mountain gretn, .or:g^eyish, or 
greenish black, or leek .green.; {but blue it 
seems haanot as yet beenaeen. 

Generally .foimd intoaspersed, or aseociatcd 
other stones, as in granite, :gmos6, or, 
though rarely, crystalliswd.in hexMoml|tlates. 

Lustre, commonly metallic, 3, 4. Ttaaspa- 
renoy in tihin piaoes 8.4.S ; in .thicker \ . 

flex tore .gommUy cuaiNtd tor ;undiikitiwgly 

foliated. 
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foliated J more rarely straight foliated^ still sel- 
domer striated^ chiefly hroad striated. 

Fragments^ flat^ presient sometimes thick, 
sometimes oblong granular concretions. Its 
lamells flexible, and iti some degree elastic ; 
feel smooth, but not greasy. 

Hardness 6. Specific grlivity various ; that 
of muscoyy talc, which consists of broad colour- 
less leaves, is, according to Brisson, 2,7917; 
most other sorts absorb vrater ; the specific gra- 
vity of the white, before absorption, 2,704; 
after absorption, 2,749; that of yellow mica 
before absorption, 2,6546; after absorption, 
2,7037; that of black before absorption, 2,9004; 
after, 2,9386 ; that of crystallized black mica, 
2^9342. Ibid. Hence we see the coloured 
micas absorb from 177 to rr of their weight of 
water, which accounts for their decomposition 
when exposed to the influence and variations of 
temperature of the atmosphere. 

Mr. Saussure at first found all sorts of mica 
fusible into a semitransparent glass, black, 
brown, or greenish, and slightly porous. 1 
Sauss. 95. However, he afterwards found co 
lourless micas convertible only into a white 
enamel. 2 Sauss. 136. Mr. Sage found mus- 
covy glass infusible in the s tron "[est heat ; in 
my trials some bits of muscovy glass were 
barely agglutinated in a heat of 163''; though 
they had a porcelain grain, and appearance, yet 
th^y were barely softened, not melted; with the 
help of pure air, however, this substance forms 
a white glass. Hence we may infer, that even 
colourless transparent micas are not all homo- 
geneous, some being more fusible than others ; 
coloured-mioas are fusible in much lower heats; 

thev 
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they are little affected by aoda^ but borax and 
Tnierocosmic salt effect their fusion. 

According to Barod Boru> the brownish pel* 
lucid mica of Siberia contains 50 per qent. si* 
lex^ 45 aerated magnesia^ and 5 argill. 1 Jlaab. 
238. 

Mr. Werner also informs us, (hat the micas 
in gniess often afford steatites by their decompo- 
sition; consequently they must contain si^jex^ 
argill, and magnesia. 

I found 100 parts of the colourless kind to 
contain^ 38 silex^ 38 argill^ 20 magnesia^ and 
20 of the most perfectly calcined iron; so I 
deemed it^ from its colour and the great diffi- 
culty I experienced in dissolving it. This pro- 
portion^ however^ may admit of some doubts 
as I had not then devised the more accurate me 
thod of estimating the real contents of preci*- 
pitates by the Prussian alkali; but as to the 
other ingredients I do not suspect that any mis- 
take 'could have happened in estimating their 
proportion to each other. 

6th Species.^^Micarelle, Leske, O. 999.—^ 
Brovniish black. 

Found in granite. 

Lustrcy metallic^ 3. Transparency^ 0, 

Fracture, broad foliated. 

Hardness, 6. Specific gravity, 2,980 by my 
trial. . 

At 153'' it melts into a black compact glass^ 
its surface reddish. 

By its external characters, except specific 
gravity, this stone yrould be taken for mica ; 
its analysis, hovf^eyer, sheves it not to be so, as 
the argillaceous ingredient too much exceed^ 
ijio muriatic, v^hich sometijnes is even entirely 

missed. 
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MiiB^. Bergman found one speetmen to f on« 
tain 0^46 argifl^ 0>40 silex^ 0^05 unaerated mac-- 
nesia^ and 0,09 naanmnese and iron. S^iTed. 
Abhtnd. 1784, 1 13. 

Mr. Kkiproth found another to consist of 
0,63 argill, 0,295 silex, and 0,0675 iron. % 
Bergm. Joom. 1790, 2S9. Hence the presence 
of magmsia is merely casual ; therefore it must 
be regarded as a distinct species from mica, and 
hence I have given it the name \)f micareWe. 

7th Species. — Hornblende. Pierre de Come 
of the French. Schorl en Masse, and Short 
Spathique of frisson.— Colour, blacky or 
greyish blacky or blackish green, or dark olive 
green, or leek green* 

Lustre, ^. Transparency, 0* 

Fracture, sometimes straight, or curved, or 
divergingty striated ; sometimes small or broad, 
straight or curved foliated** 

Commonly with long-grained, more rarely 
lvith curved lamellar distinct concretions. 

Fragments, 2 ; those of the lamellar variety 
affect a rhomboidal form. 

Streak, greenish, or greyish green. 

Hardness, from 5 to 9, scarcely reaching nine. 
Specific gravity per Brisson, from 2,933 to 
3,3852, that of Leske, O. 1027, 1 found 3>41. 

At the heat of 89* a piece of the above spe- 
cimen melted into a black solid glass with grev 
spots ; at a lower heat it baked mto a greenisa 
grey mass, between a porcelain and an enamel. 

in the year 1783 X analyzed a piece of the 
foliated kind, and found it to contain 0,37 silex, 
0,22 argill, 0,16 magnesia, 0,02 calx, (both 

* iQr Ktmt (oK^axt, conchoidal, Leske^ 6. 297. Atunok. 



the last aerated)^ and 0,9S of iron^ not itnicli 
oxygenated. 

In 1787 Mr. Weigleb found another 9peci-^ 
men to contain 0,408S silex^ 0,175 magnesia^ 
0,1606 calx, OJ75 iron*. Here is a deficit of 
seven grains ; but, what is most remarkable, he 
found no argill . 

To discover which of those analyses ap- 
proached nearest to truth, I ^lade compounds 
of the ingredients given as the result of each ; 
a;iid in the proportion set forth in each. I found 
Weigleb's to give a glass similar to that of 
hornblende at a heat of 136o ; the calx of iron 
I employed was thoroughly oxygenated. My 
own compound gave also an equallv just result 
when I used rust of iron ; but tnen it got a 
much higher heat, viz. 156o; when I used 
metallic iron instead of rust, I obtained only a 
slagg, and a great part of the iron separated 
itself from the earths. 

Mr. Herman found black hornblende to con- 
tain 37 per cent, silex, 27 argill, 5 calx, 3 mag* 
nesia^ and Sd i^on. 5 Berl. Beob. 79. 

This is the stone which, in conformity with 
the most eminent Swedish and French mineralo-^ 
gists, I denoted by the name of horn stone in 
my first treatise on mineralogy. The descrip^ 
tton I gave of it Was such as candour could not 
mistake for that of petro-silex ; but as I since 
found that writers, who apply this name to 
stones absolutely different from the sort of 
stones called petrosilices, extended it too far, 
as will presently be seen, I now, in conformity 
with Mr. Werner, apply it solely to those stones 
of the silieeous genus called petrosilices ; since. 



* 2 Cby. Anh. 1787, 15. 

however. 
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however J it is still applied in various semes, bj 
writers of great roerit^ it may be proper to trace 
its origin. This name took its rise from com* 
mon working miners ; they observed that a sort 
of 8tone> of a dusky colour^ was cut through 
with great difficulty by reason of a tenacity 
which resembled that of an horn or horse's 
hoof* ; nowj a horse's hoof, when in thin pieces 
has also a slight degree of transparency^ this 
sort of stone they therefore called hornstone. 
Mineralo^ical writers observing this combina*^ 
tion of properties not to meet together in the 
same stone^ distinguished two sorts of hornstone^ 
both of a dusky colour, one that had the semi- 
transparency^ but not the tenacity of a hoof or 
horn^ and another which resembled that sub- 
stance only inxolour and tenacity. This distinc- 
tion I find in Henckel on the origin of stonesf . 
Since that time the German writers in general 
have confined this name with some modincation 
to stones of the first kind ; that is^ to the stones 
that all writers had indicated by the name of 
petrosiliccs, and the English in particular by 
that of chort. But the Swedes and French 
still apply it in the latter sense;];. The great 
weight of the stone called hornblende nmAe the 
miners at first imagine it contained some metal^ 
but finding none except iron they called it blind, 
in the same sense as the vulgar do nuts without 
a kernel. Hence the name hornblende. 

Wallerius describes what the Swedish writers 
called hornstoncs, thus : 

^' Their colour is always dark^ their surface 
smooth, with a greasy lustre^ their texture stri- 

* Vogel Mineral, p. ISO. 

t P. 400 of the French Translation. 

J Wallerius. 

ated> 
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ated, lamellar/ fifarom^ or sparryy easily scraped 
by a knifei presenting a greyish streak or pow- 
der^ and an earthy sneil while scraping or 
rpowdering i when heated they assume a brownish 
red colour and harden ; in a stronger heal they 
melt into a black slag^, or compact glass. They 
do not effervesce with acids^ though partially 
soluble by them in a boiling heat. Their spe^- 
cific gravity from %8 to 3>3." 

This is almost an exact description of our 
hornblende. It isj he tells us^ by the Swedes 
called hornbergy and by the French roche dt 
corne, and by the Germans hornfelstein. Of 
this stone he distii^uishes four varieties. Ist/ 
That which is obscurely lamellar, which he calls 
comes solidus nitens durior. 2ad, That whi^h 
is of a slaty texture^ which he calls horn- 
schiefer, and is what I call hornblende slate. 
3d> That which is of a sparry and striated tex^ 
ture, which be calls hornblende, or strahl 
skimmer^ or shorlblende, roche de come strii. 
And 4th^ That which breaks into cubes^ or rhom- 
boids, which he calls corneus trapezius and 
trap; yet be tells us, that when broken in 
another direction it presents conchoidal sur-^ 
faces. Here he evidently confounds hornblends 
with traps. 

Mr. 8aussure/ though well aware of the 
double sense of the term hornstone, yet relying 
on the authority of Wallerius^ and unwilling 
to multiply denominations, wished to restrain 
its signification to the species we here describe ; 
but, in following Wallerius too implicitly. He 
unwarily comprehended stones under this name 
which are of a different species. Thos^he 
reckons among corneous stones some which pre- 
sent no idea of crystallization, are destitute of 

vot. I. o lustre. 
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lustre^ Afid of an eavtiby texl»M i Qtanely^ Iriipi^. 
Those whose freeture is lamellar or striated^ he 
tells u$^ are by many ealled' hornblendes ; the 
specific gra^iky of these he* found inferior * 10 
•that ef ahorl^ vix. &,973^'wlrictt Certainly i^ kol 
always the case. He thinks- hardness the^^x^ 
iermtl character which chiefly distinguishes 
them from shorls, and tbefefiire calls all 4b^e 
that are composed of ceetai^giriar laming;, -and 
which are hard Plough to give fire with steely 
shorls ; but^ assuredly^ die distinction between 
them is grounded onmoreinumerousdiflerendes^ 
as will be seen in the article'sA^W r a^d thedrf • 
ference in their composition must be eoneidev- 
able^ since they we comlpktely fusible at 89''^ 
and shorls only at 127*>. 

Rome de Lidle denotes ^ stone of which we 
here treaty ! sometimes by *lhe name of -^drl en 
masse, or continuous shorl, les shorls en masses 
ihformes lamelleuses design^s par les Allemand& 
sous le nom de hornblendes f ^ sometimes by the 
name of argillaceous short X ; sii^d under these 
denominations also he comprehends hornblende 
slate, and hornblendes of a striated or fibrous 
texture. 

Mr. Saussure applies the term shorl en masse 
in another sense, which is not easily discovered, 
as the only mark by which he distinguishes it 
from other shorls is its hardness, intermediate 
between that of silex and limestone ; and its 
specific gravity, which he does not determine ; 
perhaps also he means ( and this seems the most 
obvious sense of his expressions) that these 
criteria distinguish it from other stones; but 
surely not from trap or hornblende i with 

I ■ 11 ■ i ■ ■ ' 

*, I Baiiesurc, 69. 75. f 2 CrysUllogr. 309.' 

} Ibid. p. 3S8, 348, 377^ 425. ^'^ 

which^ 



would seem' to wish not > to 'eonfoiind* it. 

The argillaceous smelli by which Mr. Sau3-' 
sure tod « I iDj^lf formerly sought to didtin- 
gUMk thi^ «pecie# <e€ ' stone, tea fery fftllatioi]i8 
teat ; for^ 1 haive since *foutid« the sanie smell 
emitted' by Tartouk ti^pe aftet beeathtng on 
them/' by serpentiiies^ * and «ven ^otby *lnBe« 
stones. Mr. Desmaretz, in the Mem. of Pavia^ 
1773/denoteahetiiblcbde by the nameaof Bhatles 
en grander nuisseB; black baealt,' gcMra en 
masses tonfUses^ indicating shopls iniigeneral 
by the. name gabbro. This last appellation was 
grounded on a nustake^ since detectfed-by Mr. 
Saussure* . . ••..'»., .» J :■- n » 

Baron Bora^ in the descriptiono4F Misrf Aaab's 
Mineral Cabinet^ calls dur itmto foliated- shert;, 
and under the eame name comprehends, also 
Thumerstein, though its coitipositionV'ta well 
as external eharaoter^^ are vecy unlike. With 
him Mr. Gerhard^ of Berlin^ also agrees pfoet* 
cause both shorls and hornblendes ard >fusiblc 
.]»eff se into a blaekalagg ; but so.also asreibarfalfes^ 
must they also be cbnroUnded with the former f 
I should imagine that> until weatcmlioh better 
acquainted with the composition and formation 
of minerals than we are at present^ they tan 
scarce be too minutely distingiiishad (kom each 
other. Wallerius was very pardonable for con- 
founding many whibh wore little known at' the 
time he wrote ; but to takehiiki as a guide> after 
the nuaerims iilnstratiofas and distisf tions fur- 
nished by Mr. Wemisr; -seenM to savour of ji^re*- 
judioe. 

Mr. Xen2 mentions wme crystallizations of 
hornbieiide ^distinct and different from basaltic 
hornblende; but neither Werner's (Catalogue 

o2 of 
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of Mr. Pabst's fosaiU, nar LeAe% meoiUm 
any ; hence I should suspect it a mistake. 

8th Species. — BasaUine. Basaltic Horn- 
blende, or Crystallized Hornblende of Werner. 
Short Spath of Ptrber. Shorl prismatique 
hixagone of Saussure. — Colour^ blabk^ or 
greenish blacky or dark green^ or yellowish 
green. 

It is mostly fomid in basalts^ wacken^ and 
lava ; in the former it is generally blacky or 
greenish black ; in the latter^ of the ^ghter 
hue* ; hence I have called it basaltine. Mr. 
Sausnire has also found it in granite f. It is 
found crystallized in rhomboidal^ hexahndral^ 
or octohssdral short thick prisms generally mu- 
tilated^ terminated by flatted three-planed pyra- 
mids. The crystals not seamed or sulcatad. 

Lustre^ 3. Transparency, in very thia 
pieces^ 1 ; and transmits a reddish yellow co- 
lour. 

Fracture^ foliated, if broken in the direction 
of the lumin« ; its cross fracture uneven, and 
often conchoidal ; but in that found in lavas 
the foliated texture is more difficultly dis- 
cernible. 

Hardness from 9 to 10. Brittle. Specific 
gravity 3,333^ by my trial. 

It g^ves a white streak. 

At 119'' it melts tnto a glass partly, grey, and 
partly gre^sh black. 

This species, which the French, Swedish, 
and Italian mineralogists have indicated by the 
name of shorl, or hexangular shorl, seems to 
be that which was analyzed by Mr. Bergman 
under the appellation of black shorl of St. Al- 

— '■■■ "« ■■ ' ■ ■ ■ ' ■ ■ ^——111 II ■ I. Mil I I 

* 4 Helvet. Magaz. 242, 251. f 1 Saussiars, 67. 
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bano^ deemed an ancient extinct volcano^ near 
Veletri^ in the neighbourhood of Rome ; he 
found it to contain 0>58 silex^ 0,27 argill, 0^04 
calx> 0^01 magnesia, and 0,09 iron. 3 Bergm. 

907. 

The degree of hardness I have attributed to 
this stone is such as I have observed in the spe- 
cimen of Leske, O. 104:3, and in Voight's Col* 
lection. No. 46. It is said, however, that some 
are softer. 2 Bergm. Journ. 1788, p. 509. 1 
Nose Orogr. Briefe 119, 120. Hence this last 
writer, a man of great sagacity, and who has 
bestowed much attention to this sort of stone, 
thinks that the softer kinds should alone be 
called hornblende crystals, and the harder sorts 
rather garnets, which often agree with them in 
colour and form ; but I think the much greater 
fusibility of basal tines, whether hard or soft, 
sufficiently distinguishes them from garnets. 

The great lustre of these stones, when set in 
basalts, frequently occasions them to be taken 
for mica ; their quadrangular shape, however, 
may always serve to discriminate them. 



9th Species. — Resplendent Hornblende. — Of 
this there are two varieties. 



1st Varietjf, — Labradore Hornblende, — Co- 
lour, in most directions, greyish black, or 
blackish grey ; but in other positions it reflects 
a strong iron grey, either singly or mixed with 
dark copper red. 

Lustre in the first case, ; in the second^ 3 
or 4, and metallic . Transparency, 0. 

Fracture, mostly curved foliated. 

Hardness from 8 to 9; some are said to be 

o 3 softer 
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softer. Spteifit grairiirf \iym)i^ifi%h^Mm.8Ml^ 
td 3,434/' i i- ..••-•.• ,.l lit- ' 

* "' • ' •• • *{:!!. > nt i« ,• 

^rf 'Varfer/;^,— ScfeiW<?r S^ar.— 4?<3lte**-, yet* 
lowish, leek or apple green, or golden yelloN¥, 
Wnetting k "white, grey; or yellow/ in certain 
situations, !lnd*somie evcA in all situations/ 
Cfenerahy found shooting 6tit (A sefrpfettlfih^. ' 
Lustr^; itaetallid, ♦; Transparency, in tfcirt 
^iecesl, K ' * "• ' ' ' ' •* ' .t ;•• - .i- 

J'raclure?, %liate<!. ' ttat^e^ from d to'8*, 
oftiert only 7. Specific griyity by my trial, 3,888; 
it wouM' have been higher if I tJdttMlmve «e* 
pd,rated the serpentine perfectly . ' • • ' ^ ' • ' • 

At 141^ a part of thfe specimen iiesltfe, *0; 
M)41, hardened and fofth^ a porcelain Mass. 

I hud' trot a sufficreht <q(f Avi tity of the^ *?st ira- 
r4«y to es^artiine Its fusibility; buk the^iftfusi- 
bility at so high a heat of this variety utteftst; 
shews it to be specifically different fro*i''^dm- 
mon ' hdrnblfendc. By the analysis of Mr. 
Omelin, it contains 0,4S7 siler, 0,179 a.i'gflli 
0,112 magnesia, and 0;S37 iron. 1 Bergbau. 
92. 

• • ^ 

lOth Species.— Shistos€ Momblende , Ham- 
blende Slate. Hornblende Schiefer of Werner. 
Roche de Come feuilletee. I Sauss. § 166. 
p. 119. — Colour, greyish, or greenish black, 
or dark bluish grcy^ or greyish blue; seldom 
dark leek green. ' 

Found in large masses, ' 

Lustre, 2, sometimes silky. X^^^^P^^^^Ji ^^ 
rarely 1. 

Fracture, in the great slaty ; but of the slates 
themselves, striated, generally straight an4^n-» 
terwoven, rarely diverging. 

Jt 



It give0 a greenisb grey streak* 

Hardness from 7 to 9^ difficultly frangible. 
Specific gravity from 3,909 to 3>165, by my 
trial. 

Heated to redness it becomes sometimes red- 
dish grey, sometimes reddish brown. At SO' T 
melted the specimen Leske, O. 1037, into a black 
'Compact glass ; a sure sign that it is not of vol- 
canic origin. The specimen of Leske, O. 1038, 
melted at 108^ into a greyish black, somewhat 
jiM>rous slagg, whose specific gravity was 2,30ft 
from the number of air holes. The specimen 
Leske, G. 135^ nwlted at 130^ into a brownish 
black, almost compact glass. Hence we need 
not be surprised that it was often mistaken for 
trap ( called basalt ) . Voight Prack. Gebirg § 31 . 

1 Ith Species, — Wacken, — Colour, dark 
greenish, or blackish, or yellowish, or red- 
dish grey, or greyish blacl^ or liver brown. 

Found in considerable masses, 

Lustre^ 0. Transparency, 0. It feels merely 
as a sand-stone. 

Fracture^ even, earthy ; seldom uneven, and 
then fine-grained*. 

Fragments, 2. It never presents separate 
distinct concretions. 

Hardness from 6 to 9f . Specific gravity by 
my trials, from 2,635 to 2,893 ; that of the 
specimen Leske^ 0^ 1047^ is 2,535 ; that of O. 
1045, is 2,622; and that of O. 1046, is 2,893. 



Jm^ 



* According to Hoffman, 2 Bergm. Joura. 1788, its friac- 
ture is uneven, and fine-grained, approaching the splinterj.' 
According to Karsten, it is commonly even, seldom uneven, 
3 Hcslvet. Mag. 234. 

t Nose also remark ed> that it sometimes gives fire with 
steel. 1 Nose, 148. 

o 4 This 
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This last is blackish greedy gives an earthy 
smelly and pounds tougb^ so that it would un- 
doubtedly pass for a pierre de corne among the 
French. Mr. Surcow found that of a wacken^ 
near Frankfort, 2,576. 2 Chy. An. 1786, 
430. 

The greenish grey, Leske, O. 1045, melted 
at 124** into a yellowish grey, very porous, 
opaque slagg; that of Leske, O. 1046, melted 
at 130^ into a true compact black glass * and so 
did that of Leske, O. 10^*7. Hence these two 
last do not seem truly to belong to this species. 

It withers by exposure to the atmosphere, 
and then becomes more grey. 

Its transition is into trap or basalt. 

It must not be confounded with the Grau- 
waken of the Hartz, which is a very diflferent 
species. 

This stone has not as yet been analyzed ; but 
most probably consists of silex, argill, calx, 
in a fusible proportion, and iron in a smaller 
proportion than the foregoing, and also than 
traps or basalts. 

It frequently contains black mica and basal- 
tine, but never olivin. 

Vith Species. — Mullen Stone. — Colour, ash, 
or bluish grey, often mix^d with ochry yellow, 
from the decomposition of its ferruginous parts. 

Found in considerable masses, ana frequently 
contains basaltine ; it also often inclines to a 
regular form mostly quadrangular, like basalt. 
Nose 1, 250. 

Surface, whereexposcd to theair and moisture, 
covered with a greyish white rind, sometimesi 
slightly ochry. -- 

Lustre, 0, e:(cept somi? shining particles of 
basaltine. Transparency, 0. 

Fracture, 
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Fracture^ uneven^ and fine splintery. 

Haxdness^ from 7 to 9. Specific gravity from 
2,6 to 2,738. 

It frequently occurs in our Northern counties, 
and is by the pump-sinkers called mullen ; it is 
evidently the grey basalt of Ferber, mentioned 
is Leske's cabinet, S. 351. It seems to be the 
third variety of trap, mentioned by Mr. Faujas, 
p. 88. 

At 130^ it melts into a black compact glass. 

See also the specimen Leske^ S. 9d. 



\3ihSpeci€s. — Kragg'Stone. Zeske, S. 661, 
(and 1695, Q,) — Colour, greyish red, or reddish 
grey ; exceeding porous, the pores often filled 
with various crystallizations. 

Lustre, 0. Transparency, 0. . 

Fracture, uneven and earthy. Fragments 2. 
Hardness from5 to 7 . Specific gravity 2,314. 

Feels rough and harsh, gives a yellovi^ish grey 

streak. 

At 138^ it melted into a reddish brown porce* 

lain mass. 

It is found in the neighbourhood of Belfast, 
and there called kragg-stone ; it resembles the 
stone mentioned by Leske, S. 661, by him called 
a basalt. It seems also to be that mentioned by 
Mr. Faujas as the 5th variety of trap, p. 91. 

This stone is often mixed with globules of 
magnetic iron stone, which adds considerably to 
its specific weight, as in the specimen Leske, S. 
1233, whose specific gravity amounts to 2,910. 

These three species, viz. wacken, mullen, 
and kragg, have been by most writers con- 
founded with trap, but their colour, specific 
gravity, and fusibility, shew they miist be dis- 
tinguished . 

Hth Spe- 
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14/fe Spfciesi^—Tnap. — Of this I distinguish 
two families ; tire^qommoD, or amocpfaous, and 
the figurate. 

1st Famili/i*—Con^mo?ti Tirap^ Bctsalt of 
Werner. — Its roost usual colours are the grey-« 
i»h m bluish^ or purplish black ; mcNre rarelji 
blatckishj or reddish browu ( as .in the basis of 
mandelsteia or toadstone) or greenish grey ; 
traps of the la&t colours seem to me to be mixed 
Avith other species. 

Found in large masses, and frequently con- 
taining basaltine^ quartz, calcaFeous spar, cal- 
eedony, zeolite^ hyalite, felspar, ( trap por- 
phyry) aad olivin. 

Hence it is frequently found porous, cellularj 
and cavernous, from the decomposition and 
falling out of these stones. . • - 

Externally it has frequently ta bf own or red- 
dish brown rind, from decomposition. 

Lustre, ; or from shining particles of basal- 
tine dispersed through it^ 1 ; see he^e, S. 102, 
835. Transparency, 0. 

Fracture earthy or fiiike splintery, often ttn-> 
even. Fragments 3.3, often tending to a qua- 
drangular fotm. 

It often presentsiamall or coarse-grained dl's'* 
tinct granular concretions. 

Hardness from 8 to.9j and difficultly* broken^ 
except when in a state of decomposition, and 
then often>oflly 5.or 6. Specific gravity whea 
sound lies bclrween 3>78aiid3>021 exclusively^ 
by my 'trials'; the specimen (bat exhibited .the 
last is tbat m Leske, 8. .16d5, whose colour is 
reddish brown,, and has several red grains in it. 
The specimen Leske 1233, which is greyish 
black, has its specific gravity 2,728, but then it 
. • •' is 
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h^i^tpm^; Iw^.^at 146% it melted only into a 
fsooiewhat porous liv0r-brown masfi^ between a 
|K>itfelain 'and an iMii|Biel« The specimen^ 
Ii6sk6^fir. S64> w^ich is bluish or greenish blacky 
bas'ito Mpe^ioi gravity^ 3,478; buttheo^ as M,v, 
Kiirsten eb^rves, it .contains a quantity of mag- 
netic iron fitooe. The specific gravity of the 
stone called trap by Mr. Brisson, is 2^746^ and 
of thut "wbicfa he calls basalt of an irregylfor 
form Of tottclistone, dyi'153 ; but this ipost pro* 
bably is. that sortol* filiceous schistus,. called 
lydianstoitej itf li^hicb lioreafter. The specific 
griiTity of ihi» stone must undoubtedly vary 
with its. atate aod degree of decompositii^n, aod 
with the' quantity and sort of foreign iogre^. 
di^nts contained in it^ as well as the proportion 
of its 0wn constituent parts; but we raiiy state 
that of the purest at a mediun 2^87 or 2,88. 

i By exposure to the influences of the atmo^ 
sphere, and often by mere moisture, this stone is 
freqAently decomposed, tnd invested with a 
bro-Wn^ yellowish, or reddish brown riad^ 

Exposed to a heat of from l^^ to 130o it 
meUl into a black compact glass. 

According to the analysis of Mr,. Bergman^ 
thf trap of the mountain Huon^berg^ iu West 
GAtlilaad, oonUiaft 0,&0silex,ai5 argill/O^OS 
aerated'oalx, 0,02 magn^ia^ 0,25 iron, though 
in tba/dry way it would yield but 0,10 at* iron. 
iSBcfgm. 219. The magnesia is evidently of 
little. itnportaAae,' but. we may observe that the 
quantity *of iron exccjsds that of argill, and is 
very slightly oxygenated. It is probable the 
icon, is sornetimesimix^ with maagiaese and 
sometimes with nickel^ from which last the green 
colour mnyprbb^blyo^giMte, which is pome«> 
# times 
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times observed in traps^ though most cottttnofily 
it proceeds from the iron itself. 

In England^ three varieties of trap have been 
observed ; namely, toad-stone^ or rather its basi^ ; 
rovirle J ragg ; and vvhin-stone. Mandelst^n. 

Toad-stone is of a dark brovrnish grey colour, 
abounding with cavities filled with crystallized 
spar, which, with the brown colour of the basis, 
gives the whole the appearance^ from which it 
derives its name. The cavities, from the de- 
struction or decomposition of the spar ( origi- 
nating from the iron contained in it ) are fre-* 
quently empty. The specific gravity of a toad- 
stone, free from calcareous matter, was found 
by Dr. Watson, 8,921 ; and of another 2,85 ; 
but that of another, in a state of decay, 2,68 ; 
and of one still more decayed, 2,558. By the 
analysis of Dr. Withering, this stone contains 
0,6S silex, 0,14 argili, 0,07 mild calx, and 0,16 
calciform iron. 

Rowley ragg, or Ferriliie, is of a black co- 
lour, with numerous white dots, and black la- 
mellae of basaltine, which give it a dark brown- 
ish grey appearance. It is found in large 
masses, which afiect a rhomboidal form ; some 
of these inclose rounded pebbles of the same 
substance. By exposure to the air it acquires 
an ochry crust. Internally it hath some lustre 
from a number of minute shining particles. 
Fracture, nearly even, or fine splintery, yet of- 
ten inclining to the flat conchoidal. Opaque. 
Hardness 9. Specific gravity 2,746, by my 
trial . 

Heated in an open fire it becomes magnetic, 
and loses about 3 per cent, of its weight. It 
does not redden ; but at 98^ melts into a some- 
what 



TEAP. 205 

what pMOUB black mass^ partly porcelain^ and 
partly an enamel. 

AcccHrdiDgto the analysis of Dr. Withering^ 
it coataios 0,475 silex^ 0,325 argill, 0,20 calx 
of iron. H^ e we may observe, Ist, . that it 
contains no calx ; 2nd, that it contains less iron 
than argill ; and, 3d, that the iron is in a calci- 
form state. In these respects then it differs 
from many traps^ and from basalts ; hence I call 
it f err ilite. 

Whin^sione is a name used in England, Scot* 
land, and the North of Ireland. It is of a blue, 
or greyish black colour, whose hardness is from 
8 to 9. Specific gravity from 2,4 to 2,88, is 
often a trap. It is found in detached frag- 
roentSf or forming dykes in mines : of these a 
curious account, by Mr. Mills, may be seen in 
the Phil. Trans, for 1790, p. 73. 

The basis of the cellular stone, called amyg- 
daloid, the mandelstein of the Germans, is also 
frequently a trap, generally of a greyish, black- 
ish or reddish brown, or yellowish black, or 
greenish grey; and has its holes filled with 
quarts, spar, or calcedony, often with bole, &c. 
or empty ; and the sides of an ochry, or bluish 
grey colour, derived from the stones that fell 
out of them. That mentioned inLeske,6. 296, 
had its specific gravity 2,443, and gives a red- 
dish streak. It melted at 130^ into a black, 
compact glass ; that in Leske, 6.300 had its spe- 
cific gravity 2,3.54, gives a white streak, and 
melts into a mass similar to the former. The 
hardness of both is 8. 

It is the porosity of this stone that renders it 
so light. 

Its transitions, and those of kragg and mul- 
len stones that are nearly allidd to it, are into 

each 
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teob other ^ of ii^d wackeDyOr u^llMiMNiq maffy 
or sand-stone^ or shifttose porphyry^ ov. aitij§^ 

Siibb of these stones* as are specifiea]ty.li|ghl;er 
tl » £^78 stem to eoDtaint wackenu^ot iioine' other 
of 'those ' species > that; bof der oit tbe gemiioar 

trails. 

. {. .... 

%}M FavUly .^r^Figurate Trapy Basalt. JBa* 
salt of Werner — Colour, greyish blacky some-*- 
times blnidb^ or brovraisb black ; M^hen withei^ed, 
the surface is greyish, or reddish browa. 

Fonnti in considerable masses. 

Lustfe, • properly > 0; but from some shining' 
particles intermixed i^ ith it, 1 . Transparency^ 
0; yet sometimes in very thin pieces^ 1, 

Fracture, compact, • tnostly fine spltntery ; 
sometimes approachine to the' eyen, or .fiat con* 
choidal. I Bergm. J. 1792, 300. Fragmeitts,2. 

Generally of a columnar form, straight or 
curved, perpendicular or inclined, mrely paral- 
lel ; and when erect g^ierally diverging be-^ 
neath ; their diameter from three inohesto three 
feet, sometimes with transverse semspherical 
joints, in which the convex, part of one. is in*' 
serted in the concavity of the other ; the angle 
of the concave often prolongated where it re- 
ceives the convex ; these joints are called arti- 
ctdaiions. The forms of the columM are pen- 
tangular, hexangular, or octangular, more rare- 
ly triangular, or quadrangular. Sometimes the 
columns are irregular. 

It is also sometimes found in rounded thick 
laminar masses, either spherical or compressed, 
and lenticular, sometimes of a tabular form ; 
both these^ and the columns when broken^ present 
tliick laminar concretions incrusted vnth ochre. 

Hardness^ 



' HMdiiefls, fidAn 8 to ^9. Tbe piUmrd of thit 
Giant's Causeway^ exposed to the /rougkest seat 
for more than 20 centuries^ hai^e their angles as 
perfect as thdsfe mdre divtailt frmn it ; a com- 
plete refuttftioh^of Buffon'r Theory. * \. 

Specific gi'aviity of somei basalts 3^000^ ac-^ 
cording to Bergman; of that'of the Gil»t's 
Causeway, according to Brisson, 2,864 ,• or ae*- 
cording to Dr. HamiiteOv' 2/900.; of- that of 
Fairfaead/ according to Mr^ Mills; 2,95. He 
mentions some of less density>but they are.pro« 
hably traps;' for, though bot^ are of the same 
species^ yet » basalt is kno^pm^to have most icom*^ 
monly ai^niiler' and closer grain. . Mr. Suc-^ 
cow foorid a-kasak from Fulda 3/123, but this 
was in- tibe temperature of 65^ 75. I found 
that of another from Saxony, of a pentagonal 
form, 2,979. 

It is sometimes magnetic, sometimes not; 
Baron Veltkem tells us, that among 100 spe- 
cimens of the basalt of Stolpe^ he scarcely hiet 
ooe that niDved the magaetic needle. 1 Chy. 
Ao. 1788, 41& 

Frequently sonorous when struck. 

Gives.a grey streak. 

When heat^ reddens. I melted that of Sax- 
ony intb a hlack glass at 100^, so compact that 
its specific gravity was still 2,859; at 130^ its 
glass is still more compact. 

According to Mr. Bergman, it consists of 
the same principles as trap, and iu the same pro- 
portion. It almost always contains particles of 
basaltine, sometimes also hornblende, the Ger« 
man basalts eontain also oliirins ; but these la^t 
are not found in the Irish ; also, though more 
rarely^ fleltpar, quarts, xeolytes, short, and 
spar. Micas are scarce ever yet found in it, 

though 
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though sometimes upon it. Wacken^ oa the 
contrary^ never exhibits olivins. 

Ibth Specien. — Calp, or black Quarry Stone 
of DuMJn.— Colour, bluish black, or dark 
grevish blue, variously intersected with veins of 
white calcareous spar, and often invested with 
the same. 

Found in .large masses. 

Lustre, Oj except a few shining particles of 
spar. Transparency, 0. 

Fracture> exceeding fine splintery^ passing 
into the even, and sometimes into the imperfect^ 
conchoidal. Fragments, %» In the direction 
of its strata it easily splits into large flaggs. 

Hardness, from 6 to 7. Specific gravity from 
2,646 to 2,70. 

It gives a white streak. 

It effervesces with mineral acids. 

Gives an earthy smell when breathed on. 

At ISO melts into a black compact ^ass. 

Contains 50 per cent, mild calx, tbe remai«-^ 
der silex, argill, and iron. The argill seems, 
however, to preponderate. 

It seems to be the calcareous trap of Lasius, 
Hartz, 170; at leasts this agrees with its colour, 
specific gravity, and in containing calcareous 
matter. 

16//i Species, — Argillite, or Argillaceous 
Shistus or Slate. — Than Schiefer of Werner *. 
— Colours, the most usual are bluish, greenish^ 
or blackish grey, or the greyish blue, or grey- 
ish green, or greyish^ bluish^ or reddish purple. 

* Wenier^s Cromled 308. 3 Hdvet. Magaz. 185 per Kar* 
<;ten. Letke, Museum, 8cc. 

More 
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More r&re an Ibe yellowish grey, ht6Vmidh red% 
reddish brown^ greyish black, bluish black, or 
mountain greeOi Sometimes with stripes or 
spots of a darker colour. 

Found in considerable strata^ 

Lustre seldom 0, oftener 1, from some dis<- 
persed glimmering particleSi frequently 2^ and 
silky, rarely 3. Transparency/ 0« 1 * 

Fracture^ slaty; commonly straight, some- 
times curved^ or imdulating ; * sometimes thiek> 
frequently thin, more or less difficultly sepa* 
Table I soihetimes approiichiiig to the foliated. 
Fragments, 3, frequently tabular ; sbmetimes 
long splittteryi rarely trapezoidal^ or rhom'- 
boidal. 

Hardness, from 9^ to 8* Specific grayity from 
2,67 to 2,88 ; but generally from 2,7 to 2,8. 
Laaius mentions one of a. pearl grey colour, 
whose specific grayity is but 2,500; Hartz, 109^ 
Theheayier contain an excess of iron. 

It giyes a white or grey streak, sometimes a 
reddish greyi 

It does not adhere to the tongue 

It does not stain, yet Lasius mentions one so 
soft as to leaye a white line> on harder stones. 
Ibid. 

It is composed of silex, argill, calx, mag- 
nesia, and iron, with some bituminous particles ; 
the proportions nearly in the order I haye men-^ 
tinned, when the mean of all the yarieties is eon-» 
sidered ; but in the different yarieties, the pro-> 
portion yaries considerably ; and hence the nu- 
merous yarieties of this species : with these, 
mica or tale is often intimately incorporated. 

Its transitions are into sand-stone, silictous 
shistus, jasper, hom^-stone^ grau^^wacken, sye- 
nite, shistose hornblende, shistose porphyry. 

VOL. I. p Very 
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^ Vtfry eomtnonljr it imbibes water^ Imf dT^ 
lerettt varieties absorb it is Tarious proportioM. 

It sometimes bears impressioBs of vegetables, 
sometimes of shells. 

It difers from slate-^claj, iii the form of its 
Mirface^ hardness^ specific gravitjy relation to 
yater^andinadbesioiito tbe tongue^ as well as in 
compositron^Gontaining more magrtesia and ifod. 
. Tbe curved slaty argiHites bave their cross 
fr aetore hacklj, and opaque. 

1st Vartety^ — Angteseff Slate. -^Purple, or 
reddish purple. latemal lustre 1. O^iaque. 
Hardness, from 7 to 8. Specific gravity^ from 
2^84 to 3^876. It does not imbibe water^ gives 
It reddish white streak. Does not eflesvesce 
with acids^ unless powdered, aad then weakly.. 
.Gives a gseenish colour to nitrous Mid after 
jitaodiog some days^ Becomes browmisfa red 
when heated. Slightly detonates with nitre. 
MeLts into a blade spongy mass^ Contains 
0,38 silex, 0^26 argill, 0,08 mapesia,0,04 calx,. 
0,14 iron perhaps mixed with nickel,, or per- 
haps the green colour of the nitrous acid may 
proceed from the bitomioous substance con^ 
tained within it ; this seems most probable. 

2nd Variety ."-^Westmoreland Ste^^.— Many 
sorts are found in thai county ; but that whicn^ 
passes for the best has its colour, bluisb- 
grey^ when moist, greenish grey. Liistrey^ 
silky, 2,. opaque. Hardness, &. Specific gra-^ 
vily, 2,752 ; gives a white streak ;. does not 
imbibe water ; slightly effervesces with acids;: 
by heat becomes reddish brown; and at last^ 
melts into an opaque glossy slagg. 

The pale grey slate of Westmoreland hav« 

their 



iBording to Dt^ Wattoir. Some of fcko former 
affbried htm a strong lkBe«> water after calcic* 
natioDi The silky glots intimates tiie presence 
of magnesia. , . , 

Ash grty Slate of France^, 

Ac^ordibg to Bri^on> its specific gravity be* 
fore' it absorbs water is 2367I8, aid after ab^ 
sorption 2^69Q& ;. it consequently absorbs tJt ef 
its weight of wat^. Of other slates^ used fot 
roofs^ he found the specific graYtty before ab- 
sorption 2j8535, and after absorption S^,8593. 
The best are those that absorb least; 

3d Variety. — ZiKa*.*— Pale bluish grey^ oc 
red^ or whitish yellow. Lustre^ silky^ opaque* 
Its surface undulated. Fracture> long spiin- 
tery^ and imperfectly slaty. Hardness^ from 4 
to o ; the whitish yellow still softer^ bat that 
of a dark grey> I am informed^ is 9. The spe^ 
cific grayity of the bluish grey I found in dif- 
ferent specimens from 2^63 to 2^666; it con- 
tained by ray analysis 0>60 silexj 0^25 argill, 
0^09 magnesia^ and 0^06 iron^ and some petrol or 
bitumen^ as appeared by the greenish hue which 
it gave to the nitrous acid. As it wants calx it 
can scarce be deemed a true argillite. 

4:th Variety. — Argillite of Ditters Back,-^ 
I^eske, O. 954. — Greyish black. Lustre^ strong 
and silky. Opaque. Fracture^ undulatingly 
slaty^ which gives it a striated appearance. 
Fragments^ tending to the rhomboidal. Hard- 
ness, 6. Specific gravity, 2,727. At 14(>» it 
melted into a yellowish green pqrous glass. 

bth Variety. — Grapholite, — Black, or bluish 

p 2 black. 
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black Hath scCTce aHj lustre. Opaque^ 8pi)itt 
eaftitj into smooth plates. Its cross fracture 
long splintery. Gives a white streak, and is 
generallif used to write upon. Hardness, 5. 
Specific gravity, 2,701 . When powdered it ef- 
fervesces with acids. 

\7th Speries.^^Novacnlite. Turketf Hone. 
SMstiis Coticularis of Watlerius. Pierre de 
Rasoir. Wetzstein of Werner. '^CoXont, green* 
jsh grey^ or inclining to mountain green^ or 
pale greyish yellow ; rarely spotted. 

Found in large masses. 

Lustre, 0.1. Transparency, I or 1,5. 

Fracture, slaty, but inclining strongly to the 
splintery ; sometimes also to the conchoidal, 
and earthy. 

Hardness, from 7 to 8, rarely 9. Specific 
gravity from 2,609 to 2,955, by my trial. Ac- 
cording to Brisson^ hone-stones for razors, of a 
dirty white, absorb water; before absorption the 
specific gravity of one of them was 2^8763, 
and after absorption 2,8830; so that it ab- 
sorbed t4t of its weight. He mentions another 
whose specific gravity was 9,1S98^ whose co- 
lour was black and white. 

Some feel somewhat greasy. Effervesce 
slightly with acids ; and some not. 

There are other stones also used for hones, as 
some argillites and sand-stones ; these last form 
the coarser whet-stones. 

Some at least are decomposed by exposure to 
the atmosphere, and form a white earth. 

From all this it appears that this species con- 
tains many varieties of composition. 

I shall here mention a few of those varieties 
I have met with. 

l**. That 



. ftOCK CRYSTAL, t S13 

Ist, That of Leske, O. 976> vbose colour ig 
jnountam green. Hardness^ 7. Specific ^ra« 
Yity> 2^722> and does not eflfervesce with acids« 
jnelted at I2(f into a somewhat porous hard 
greyish blacky porcelain mass^ whose surface 
was Titrified. 

2ndi Another which I bought in London; 
could not hear whence it came ; but it is used 
for setting razors ; was of a greyish yellow co- 
lour. Lustre^ 0. Transparency, 1,5. Frac- 
ture splintery. Frsgments, 1. Hardness^ fron» 
7 to 8. Specific gravity, 2,609. And effervesces 
very slightly with acids. Heated to 120^^ it 
hardened sufficiently to give fire with steel, and 
grew perfectly white, the outside had a glazed 
semtvitrified appearance, but the inside a more 
distinct unvitrined grain. 

Sd^ Another from the same shop, *who8e co- 
lour ^nras Isabella yellow. Lustre, 0. Trans- 
parency, scarcely 1. Hardness, from 7 to 8. 
Specific gravity, 2,955. Did not effervesce with 
acids. At 12(>> it melted into a yellow porous 
enameK 
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SILICEOUS GfiNUS. 

1st Species. — Mountain Crystal and Quartz. 

These form two families, the only diffe- 
rence being in their fracture and transparency. 

U*l Familjj. — Mountain or Mock Crystal.-^ 

t3 When 
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^Whenpureitit is colourlegg^ but it is ilio foiind 
greyiih^ and yellowiah i^hite^ or pale yellow; 
otherwise called citrine, and impure topaz ; or 
pale or darkbro^wn^ or brown falling into black; 
then called moriony oTj though very rarely; 
pale rose red^ or white^ or brown^ and iri-* 

d^SCMlt, 

Its lustre glassy, 3. Transparency^ 4. It 
causes a double refraction. 

The forms of its crystals are various^ the 
most usual is that of hexangular prisms^ suri 
mounted with hexagonal pyramids on one or 
both endsj, the angles of the prism corresponding 
with those of the pyramid ; sometimes the pyra*«* 
mids are joined base to base^ and frequently it 
exhibits but one pyramid^, or a prism without a 
pyramid, The prisms are generally seamed per-* 
pendicularly to their axis^ the pyramids scarce 
ever. For other forms I must refer to Mr, 
de Lisle. 

Fragments rounded by rolling in water are 
ulso frequent, 

Its fracture is concTioidaly but frequently so 
flatly as to resemble the foliated. 

Its fragments, 4 or 3. Its hardness, 11.' Its 
specific gravity, 2^653^ when colourless; that 
the red 2,67. 

3nrf Family, — Quarfz.-^Its colours are va-^ 
rious, white, griy, yellowish, reddish, or green- 
ish, greenish white, or yellowish, bluish, or 
pearl grey, or yellow, or swarthy brown, or 
paJe or blood red 

Its external lustre casual, the internal, 3, % 
or I . Its transparency, 2, B, rarely 1 . 

Commonly amorphous, frequently crystal-^ 
lizedj as mountain crystal. The prisms have 

sometimes 
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«ometimes been found crooked. N. Act. Petrop. 
1785, p. 265- Cubic crystals of quartz have 
also been discoYcred. 1 Leske, O. 418*. Also 
in quadrangular plates heaped together; and 
frequently in the form of sand, and sometimes 
in columnar distinct concretions adhering to- 
gether or to each other. 

Its fracture fine or coarse splintertj, very 
rarely straight fibrous. The splinters are some- 
.times so gross and rounded a« to resemble the 
conchoidal form. 

Its fragments^ 3, indeterminate ; yet some^ 
times rhomboidal. Leske^ O. 429. 

Its hardness, 10. Brittle. Specific gravity 
from 2,64 to 2,67. 

It does not v^ither by exposure to the air. 
Nor yield to any acid but the sparry. 

When heated to redness it loses its transpa^- 
jrency, which mountain crystal does not^ and 
generally decrepitates. It is infusible per se in 
any heat but that of pure air, vi^hich barely 
softens it. But it yields to alkalis with effer- 
vescence ; to borax slowly and without any. 

Its transitions are into horn-stone, flint, carne- 
iian, opal, calcedoiiy, siliceous shistus and sand- 
fitone. 

By the nicest test that could be employed, 
Mr. Brugman could not discover the smallest 
degree of magnetism in mountain crystal f . Mr. 
Bergman in one specimen found 6 per cent, of 
argill, and 1 of calx ; but Mr. Meyer in 
another found only 2 per cent, of argill;]; ; and 
Mr. Gerhard frequently found none at all. 

* It has been found also in quadrangular prisms. Ferber 
Briefe, 41. 

-f De Magnetismo, p. 73, 101. 

♦ 1 Cby. Ao. 1785, p. 63. 

p4 By 
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By long digeation in acids^ both fae and Mr* 
Porthes imagine they diseovered some traces 
of iron, Yet ag they employed the Prussiao 
filkalij i^hich by long digestion in acids always 
betrays its own ferruginous contepts^ I think 
this experiment inconclusive. The coloured 
crystals^ however^ undoubtedly contain som^ 
in^tallic particles t 

Varieties of this Species. ^^Ist Variety. 
Glassi/j otherwise called fat quartz^ of a grey<^ 
ish or bluish white^ or red^ yellow^ brown^ 
bluish or violet^ or brown or black. Its lustre 
that of grease^ niore or less semi-transparent. 
Its fracture gross splintery and thence border^ 
ipg on the conchoidalj, on that account it feels 
Smooth^ and as if it were greasy. Its hardi- 
ness, 10. Its specific gravity^ 2,6459^ 

2nd Variety. Arid, or meagre quartz. 
WhitCj, gtey, brown^ or greenisbj has less lustra 
than the former, and fe^Is more harsh ; its frac'r 
ture more splintery. Its specific gravity, 2^640^ 

3d Variety. Lamellar, by some called fcv- 
liated, or sparry quartz, not from its fracture, 
but from its form^ as it consists of plates either 
superimposed on each other, or more generally 
placed at various angles with each other, and 
thence it is called cellular, sometimes also in 
the form of a cock's comb, and thence called 
cristated. According to Baron Bom, those 
found in Hungary are frequently partially solu-r 
ble in nitrous acid, without efiervescence, as 
they contain acousiderable portion of calx, and 
Sometimes also of barytes. 1 Raab. 48. 

^th Variety, Stalactitic in the form of solid 
or hollow cones, or in that of roses, c^uii- 
Covers, grapes, &c, 

bth Va- 
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hth Variety. Fibrous, this is exceeding rare. 

6th Variety. Granular, consisting of grains 
compacted together^ often resembles sand-stone» ^ 
sometimes close and sometimes loose. Mr. 
Ferber mentions some of this kind that re- 
semble pumice^ being so light as to float on 
water ; whole mountains he says are formed of 
it. N. Act. Petrop. 1785, p. 265. Some are 
cristated^ and often contain calcareous earth.. 

Of the granular, variety the most remark^^ble 
is that called aventurinej which contains some 
mica interspersed betwixt its grains^ and hence 
reflects a metallic lustre. Of which Baron 
Born mentions five sorts. Istj The white and 
semi-transparent^ with lamella^j that reflect a 
silvery lustre. ^, The red or brownish red, 
which reflects a gold colour. 3d, The grey. 
4th, The green^ both of which reflect a silvery 
colour. 5th, The black, reflecting a goldea 
lustre* 

7th Variety. Rosy red quartz, found iu 
Bohemia and Bavaria ; is distinguished by its 
lustre, transparency, and fracture, which is 
imperfectly conchoidal. It is said to derive, 
its colour from manganese. 

6th Variety. Honey yellow, otherwi^ cMed 
citrine, or impure topaz ; in Carinthia this i$ 
found in pellucid hexahaedral prisms, and per- 
fectly transparent; but near Catharinenberg, 
in Siberia, Mr. Bindheim found a crystal of this 
sort with very singular properties ; in form and 
transparency it agreed with that of Carinthia, 
but its hardness was/ 12. Its specific gravity, 
2,755*. When heated it attracted ashes and 



* The book $ayt IJ55, bat I believe Uiis must be a mis- 
take of the prcss^ otherwise the author would bare noticed a 
drcuoifitaoce fo remarkable, 

other 
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other light bodies like tourraaline ; it even be- 
came electric by friction, and vfhea so, attracted 
£ne irota filings. It was infusible per se, nor 
had borax, or microcosmic salt any effect on it, 
but mineral alkali fused it into an opaque opa- 
lescent mass without effervescence. By his ex* 
periments it appears to consist chiefly of silex, 
with a few particles of calx of iron and lime. 
« Berl. Beob. 256. 

2nd Species, — Amethyst, — Its most usual co- 
lour is violet blue of different degrees of inten- 
sity, also milk white, grey, and very rarely 
olive or grass green ; often striped with two 
colours. 

Its shape is generally that of hexahsdral pyra* 
midsj yet often occurs in blunt^dgcd pieces. 

Its internal lustre, sometimes strong, some- 
-limes weak, and very weak. 

Its transparency, 2 to 4. It causes a double 
refraction. 

When its lustre is strong, its fracture is con- 
choidal, when weaker splintery, when weakest 
intermediate between the splintery and the coarse 
diverging fibrous. 

It often presents irregularly columnar dis- 
tinct concretions approaching to the granular^ 
whose planes are obliquely seamed across. 

Its fragments, 3, Indeterminate. 

Its hardness, 10 or II, Its specific gravity^^ 
from 2,651 to 2,657, 

It is infusible per se at 160^, but loses its 
colour in a strong heat and becomes shivery ; it 
is said to derive it from manganese. By the 
heat of pure air, it is reduced to an enamel. 

Mr. Achard attributes to 100 parts of this 
stone 60 of argill, 30 of silex, 8,22 of lime, 

and 
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end 1^66 of iron*. Yet as its external eha^ 
tacters, and pat ticulariy its specific graTity* is 
p» low, I think it should be placed iramediately 
after the quartz^ at least until the aftaljsis be 
repeated^ for its infusibility render this some* 
Vhat su^iciouil* 

■ 

m 

3d Species. ''^Emerald. — Its colour is from 
fbe perfect to the pale grass green. 

Its lustre^ 3 to 4. its transparency^ 3.4.2* 
pives a doutrle refraction. 

Its shape hexangular prisms^ truncated at 
the sides or angles. 

Its fracture conchoid al inclining to the un* 
even. Its fragments^ 3. Indeterminate. 
. Its hardness^ 12^ Its specific gravity 2^775. 

Heated to 120^^ it becomes blue^ but recovers 
its colour when cold; .at IdO^ it melts per se 
into an. opaque discoloured mass. 

It is scarcely fused by mineral alkali^ rather 
better by microcosmic salt^ and tolerably well 
by boraXj W;be^ exposed to the blow<-pipe. 
. One hundred parts of it contain^ by Bergmanj 
60 argill, 24 silex^ 8 calx^ and 6 of iron ; and 
, by Achard 60 argiil, 21,66 silex^ 8,33 calx, 

and 5 of iron. Neither of these results is ini- 
probable. Mr Quist observed^ that the addi-< 
tioa of linye renders emeralds more fusible, 
which is yery i:onsis|eAt with its properties and 
composition. 

Emeralds are now found only in Peru ; the 
Prasilian are in reality actinolites. 

This stone ctnpot be placed among the pre- 
cious, by reason of its low specific gravity and 
double refractive power ; and, as it agrees iu 
most respects with crystal^ it may as justly be 
^■— ■^s*'^— — ' » 

f QuQted in 6 Leoohardi, 398. 

placed 
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placecl in the same class with it a^^ ameth jit if 
by many mineralo^sts ; the only reason that 
could prevent it is the fusibility of the emerald, 
which induces me to separate them. 

4th Species. — BerryW^. Aigue Marine of 
many. — Its colour is greyish green^ often verg- 
ing on the apple green, more rarely bluish* green. 
Its internal lustre is variable. Transparency; 

Crystallized in equiangular hexahaedral prisms 
longitudinally streaked. 

Its longitudinal fracture is rather conchoidalj 
its cross really foliated, though it appears only 
uneven^. 

Its hardness is at least 12. Its specific gra- 
vity from 2,65 to 2,722. 

It decrepitates when heated^ and generally is 
discoloured; but does not melt in a heat of 
150^. Mineral alkalis affect it most, borax very 
little, and mierocosmic salt scarce at all. 

It becomes electric by friction ; but one of 
its poles k attractive whilst the other is repul- 
sive. 

According to Mr. Bindheim's analysis, 100 
parts of it contaii^ 64 of silex, 24 argill, 8 calx, 
and 1,66 iron. 

It seems also to be the stone which Mr. Heyer 
analyzed under the name of Siberian aigue ma- 
rine^ and in which he found 0,67 silex, 0,32 ar- 
gill, 0,01 calx, and 0,002 of ironf. 

Mr. Herman/ 61 silex, 29 argill, 2 calx, and 
one-^third iron^, 7 parts lost. 1 Chy, An. 1792, 
f. 295. 

» 1 Bers;. Joiirn. 1788, p. 258. 1 Cbj. Ao. 17gO, p. 491. 
2 i^mpe Magaz. p. 60. 
t £erl. Beob. p. 1M< 

&th Spe '. 



5 A Species. — Prasium. — Generally of a dark 
brownish^ sometimes yellowish green. 

Its lustre> 2. Transparency^ 3. 

It is found either in irregular masses, or crys- 
tallized in hexahflsdral pyramids^ or small hexa^ 
hffidral tables^ superimposed one on the other, 
and forming hexahssdral prisms^ sometimes ia 
slender needle like crystals. 

Its fracture, coarse splintery. Its fragments 
sharp. 

Its hardness, 10« Its specific gravity, 2,580. 

It is capable of a fine polish, but,, after some 
time, is said to become turbid. 

It seems to consist of a mixture of quartz, 
and shoerlaceous actinolite^ both are even some- 
times distinguishable 

%th Species. — 1*^ Family. — Oriental Ruhjf. 
«-— Its colour is carmine red, sometimes verging 
to violet, or intermediate between carmine ana 
hyacinth red ; but the same stone is in various 
parts, sometimes red and white, or red and blue, 
and thence called sapphire ruby, or orange red, 
by some called vermeille or rubicelle. 

It is found crystallized in elongated hexa- 
gonal pyramids joined to, and opposed base to 
base; its size seldom an inch. Its lustre, 3.4 
Transparency, 3.4. 

Its fracture, foliated. Its fragments, 3. 

Its hardness, 17. Its specific gravity, 4,28^ 

It retains its colour and is infusible in a heat 
of 170"*, somewhat discoloured and barely 
softened by the heat of pure air. 

When finely powdered, borax melts it though 
with difficulty into a greenish glass^ it yields 
also to miccocosmic salt, but not to fixed al- 
kalis. 

By 



. By Mr. Bi^gnfaa's analysis^ 100 pArte of Ae 
Termeille kind cootain's 40 argill^ 39 silex^ 10 
aerated calx^ and 10 of iron. 
- By that of Mr. Achard^ 41,66 silex^ 36,66 
argill, 8,33 calx, 10,83 of iron. 
. However, 1 found a compound of 39 parttf 
filex^ 40 argil U 10 aerated calx, and 10 oxyge**' 
nated calx of iron, to melt at 14(>>, into a greyish 
black poroua slagg. I therefore believe that 
the proportion of calx set forth in these analyses 
ii too' gretit. The high specific gravity of the 
stone prevents me from judging that of the iron 
too high. 

• Jfcwi Family, — Oriental Topa%.^-\%% colour 
golden yellovr. 

Lustre, 3, 4. Transparency, 4. Giverf.a 
single refraction. 

Its shape as that of the ruby. 

Its fracture, foliated. Fragments, 3. 

Hardness^ 15. Specific gravity, 4,0106. 

It is infusible per se, and loses its colour^ 
only in a very high degree of heat. Resists 
alkaline fluxes^ and yields onlv to borax and 
raicrocosmic salt, with which it yields a clear 
^lass. 

3d Family, — Oriental Sapphire. — Its co- 
lour, Berlin blue, but often decreases so much 
in intensity as to become almost white, and then 
called lux sapphire. 

Its internal lustre, 3 or 4. Transparency, 
3.4.3, Causes a single refraction. 

It is found crystallized in the same form as 
the preceding families, and often in rounded 
masses, the angles being worn off by friction. 

Its fracture foliated. 

Its 



- luliardiiess^ 17. Its specific gravity, 39^1, 

It is infusible at 168^, und generallj pre- 
seryes its colour. It is affected by the usual 
fluxes, as the preceding gems. By tfae heat of 
pure air it forms an enamel. 

The sapphires, found amidst the ferruginous 
«and of Expially, near Puys in Velay, seem of 
this species. Their colour, hardness, and trans* 
patency, being similar, and their specific gra- 
vity, 4,076. They are very small, their form 
somewhat irregular from the firiction they must 
hare encountered. 

' According to Mr. Bergman, this stone con- 
tains 0^ argill, 0,35 silex, 0,5 aerated calx, 
pnd 0,02 of iron. By Mr. Achard, 0,5833 ar- 
gill, 0,3333 silex, 0,0666 calx, 0,0333 of iron. 
. To this family we may also annex the atone 
called gyrflsole, of which we have as yet no 
analysis, and but an imperfect description. 

Its colour is white with a slight tinge of red, 
and a still lighter of blue, which gives it some 
resemblance to calcedony. 

Its lustre, 3.4. Transparency, 3; gives a 
single refraction. 

Its hardness, 15. Its specific gravity, 4,000. 

7th Species. — Spinell and Balass Rubies. — 
The colour of the former a deep, of the latter 
a pale red, or inclining to orange. 

Lustre, 3. Transparency, 3.4. Gives a sin« 
gle refraction. 

Its form octohsdral, consisting of two pyra* 
mids, each of four planes, and joined base to 
base ; or triangular, or trapezoidal plates be- 
yilled on the edges. 

Its hardness, 13.. The specific gravity of 
the spineile, 3,76, of the balass, 3,645. 

By 
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B J Mr. Klaprotb the spindle which he ata- 
Ijzed^ and whose specific gravity was only 
3,b700, contained, 0^7635 argill, 0,1568 silex^ 
O,0@63 of iron, and 0^0128 calx. The remainder 
was lost in the operation** It should be ob-» 
served, that what is here called silex melted in 
fixed alkali without^ffervescence, and therefore 
it may be doubted whether it be genuine silex. 

The stone imported from Ceylon, called rub^ 
spar, whose specific gravity is 3^454, is an iri-» 
descent of spinell ruby. 

Stk Species. — Isi Family. ^^Occidental or 
Brasilian Ruby .-^-^Red inclining to yellow. 

Lustre^ 3. Transparency, 3,4. Produces a 
double refraction. 

Shape quadrangular rhomboidal prisms, some- 
times with and sometimes without pyramids, 
often difficult to determine. 

Fracture foliated. 

Hardness, 16. Its specific gravity^ 3,531. 

It is infusible per se, even by pure air it is 
barely reduced to a fine-gramed porcelain 
mass. 

2nd Family. — Occidental Topaz.^^lst Va^ 
rietyy Brasilian. — Golden yellow, but paler 
than the oriental and even white. 

Lustre^ 3.4. Transparency, 3.4. Produces 
a double refraction. 

Shape, as that of the former family, the 
prisms often longitudinally sulcated. 

Fracture, foliated. Hardness, 16. Specific 
gravity, 3,536. 

Exposed to a moderate heat, it is said to be- < 

* 3 Bcrl. fieob. p. 336. 

<;ome 



edme red, and Ifaeiv becomes ruby of Brasil ; 
in a stronger^ it loses its colour ; however^ if 
is fusible at 160^ ; by borax it may be Titrified^ 
and by the heat of pure air converted into an 
enamel. 

2d Variety. — Saxon, — Its most usual colour 
is pale wine yellow, rarely a purer yefUow, often 
yellowish grey, or greyish white. 

Its external lustre casual, internal, 3.2. 
Transparency, 2.3.4. Gives a double refracr 
fion. 

Its usual form, that of an octangular prism. 
Four of the angles very obtuse. 

The planes longitudmally streaked, and cu- 
neiform pyramids. Often in blunt rounded 
fragments. Fracture, foliated. 

jBardtiessr, 14. Specific gravity, 3,564. The 
palest called white topaz, 3,553. 

When strongly heated it becomes white*, 
and cracks at 160^. By pure air it is converted 
into an enamel. 

According to Mr. Bergman, it containsy 0,46 
argill, 0,39 silex, 0,08 aerated calx, and 0,06 
of iron. 

By Mr. Weiglebf, 0,5229 silex, 0,4459 ar- 
gill, 0,025 calx, 0,0031 of iron. This appears 
the most exact; for a stone, compounded as 
Mr. Bergman's, should bd more fusible ; in 
eiFect I found a compound, formed exactly as 
Mr. Bergman's result, to melt at 144** into a 
greyish black porcelain mass somewhat porous. 

3d Variety. — Aigue Marine, by some called 
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* Bcrl. Bcob. \S, \^. 
t 1 Chy. An. 1786, p. HI. 
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orient€l nt^e marine. — lu eolour bluisb tr 
it$ Iwtoe^ 4 Tr^nsp&r^ncy^ 3.S. Double 

Found either in rounded or sharp-edg^d frag** 
ments^ or crystallized in hexahsedral prisms^ as 
<^*»j fMrrQMfed lengthways. 

Fracture^ foliate4' HardoeAS. 13. Specific 
gravity, from 3,47 to 3^548. 

it is infttsible per se. 

3d Family. — Occidental or Brasilian Sap^ 
phire, — Its colour of all shades of blue ; often 
white. 

\n other respects, it agrees with the preceding. 

Its hardness, .15 or 16. Specific gravitVj; 
3,1307. 

It is infusible per se, but loses its colour ia 
a heat of 130>. 

9th Species. — Hyacinth. — Yellowish led, 
mixed with brown ; one of these colours some- 
times predominates, and sometimes the other, 
but generally the red. Hence we have the 
dilute red, and sometimes the blood red ; these 
are of);en mistaken for garnets;, but these have 

fenerally a bluer tinge, and are specifically 
eavier. 

Its lustre, 3. Transparency, 3.4. Doubl^e 
refraction. 

Its form may be considered as that of a rectan* 
gied quadrangular prism, terminated by two 
rhomboidal pyramids ; but it generally occurs- 
enly in blunted fragments. 
Its surface smooth. 
Its fracture foliated. 

Its hardness, 13 or 13. Specific gravity,, from 
3,687 to 3,76. 

Accord- 
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Aidcpfliiiig to Mr. Quist, the reddish yello^ 
hy«€intb^ which he calls true hyacinth^ beii^ 
packed m saod^ acquires a pink colour in a 
moderate heat ; ib a stronger it loses its oolourj 
but retains its transparency^ and do^s not melt 
at IjSO' ; neither can alkalis flux it ; but borax 
and microcosmic salt are more effectual. 

The yellowish brown^ though it retains its 
colour m a strong heat^ yet melts at 150^ or 
]60^ *. Hence these two appear to differ.. 

Mr. Bergmaa attributes to the yellower sort^ 
0,40 of argiil^'0^25 of silex^ O^SO aerated calx^ 
and 0j\3 of iron ; and Mr. Achard, 0^41^ a^* 
pM OMW ailex, 0,90 calx, and 0J333 of 
iron. 

I found a compound, formed as Mr. Berg* 
man's result, to form a grey mass not well 
melted at 144°, yet glazed at the surface; 
which shews that a few degrees more would 
effect its fusion, or, perhaps, the same degree^ 
if longer continued. 

10/A Species. — Garnet, — Of this we have 
three varieties. 

1^/ Variety, — Orie^ital Garnet. Carbuncle. 
T— This is so called, not from its being found 
only in the eastern countries^ but from its 
greater perfection; viz. hardness, lustre, and 
transparency. 

Its colour, deep or blood red, yet . ineliniiig 
to violet. 

Its internal Idstre, 3 or 4. Transparency, 4. 
Double refraction. 

Crystaliiaed, and presenting either 12 rfaom*- 



• Mem. Stock. IJQ^. 

Q 2 boidal 
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boidal plaoesj or 34 trapezoidal^ or 36 planes, 
of yfhich 12 are rboaibs, and the 24 others 
elongated hexagons, interposed between these 
rhombsy and some other variations. 

Fracture, conehoidal. 

Hardness, 14 or 13. Specific gravity, from 
4,000 to 4,188. 

2nd Variety, — Common Garnet. — Deep red, 
inclining to violet, or verging to black, or olive, 
or leek green, or brov^n, seldom yellovt^. 

Its external lustre casual, internal 2.3. Trans-* 
parency, 2.3.1. Of the brownish and blackish, 
most frequently, 0. Of the green at most, 2. 

Crystallized as the former variety, the sur* 
face of the crystals often diagonally seamed, 
frequently found also in rough rounded grains, 
or fragments. 

Fracture uneven, inclining to the conchoida), 
flat or imperfect, often to the splintery. 

Hardness, from 10 to 11. Yet sometimes 
only 9. 

Specific gravity, of the red, from 3,941 Wer- 
ner, to 4,000 Brisson ; of the green, from 3,75 
to 3,800. 

I have found that of some small garnets 3,63. 

Both varieties exert most commonly some 
action on the magnetic needle. 

According to Mr. Bergman, they are fusible, 
per se^ by the blow-pipe, sometimes into a trans- 
parent green glass, but most commonly into a 
black slagg. Alkalis ilux them with great diffi- 
culty, borax and microcosmic salt convert them 
into a green or black glass*. Mr. Gerhard tells 
us, that in a strong heat they form a grey glass f ; 

* sBergm. lOS. f Grandriss. ill. 

. yet 
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yet Mr. Fourcroy, in a strotig heat. of elefen 
noursj found garnets powdered^ barely softened 
and agglutinated*. Observing- these different 
results^ I exposed 35 grains i^eigfat #f small 
Bohemian garnets^ whose specific gravity, was 
3^63, to a blast heat for a few minutes^ and 
found them melted into an opaque dark grey, 
fine grained porcelain, by a heat of 136^. 

By Mr. Bergman's account this stone con« 
tains more silex than argill, and mor^ argill 
than calx ; of iron it contains from 0,0S to 
0,20. 

By Mr. Achard^ red Bohemian garnet con- 
tains 0,483 silex, 0,30 argill, 0,116 calx, and 
0,10 iron. 

Mr. Weigleb found the green garnets of Sax- 
ony to contain 0,3645 of silex, 0,3083 calx, and 
0,3875 of ironf . If so, the green garnets be- 
ing also specifically lighter, we may suspect 
them to be specifically different from the red. 
In another experiment, however, Mr. Weigleb 
found the argillaceous ingredient also in the 
green ; and so did Mr. Merz ; for, in that of 
Ehrenberg, he found 0,40 of silex, 0,20 argill, 
0,08 calx, and 0,20 of iron. The 12 grains 
missing must have been air and water, and per- 
haps a casual loss ; but it appears the calx is 
jierated, as Mr. Weigleb found also a consi- 
derable rf<?/Ecft J. 

It is commonly found in shistose mica, or 
gneiss, more rarely in argillites or granites. 

3d Variety, — Amorphous Garnet, — Ite co- 
lour, brownish or blackish red. 



* 6 Buff. Mineralogy 251, inocUvo. 
t 1 Chy. Ann. 1788, p. 201. 
X I Voight Abhandl. 15, and 22. 

« 3 Its 



' lU liiMre^ H. Tratispareney^ S. 1 . 

Fraeture^ foliate and slatT. 

Hardness, 11 or 19. Specific gravity^ 3,89. 
Leske, 0.83. 

Pound in Sweden, and the Bast Indies. See 
Leske, 50 and %3y O ; and alsd in Switzierland 
by Mr. Saussure. 

Mr . Maquart mentions aiiDtber variety, whieil 
he calls the substance of which garnets are 
formed ; ft consists of straight fibres, diverg- 
mg from a common center. Essaies de Mi- 
neralogie, p. 373. 

' llth Species. — C7art^so-fterf/K*.— Its colour is 
a dilute yellowish green, but like an opal it ^e- 
fiects, seemingly from tts inside a mixed colour 
of bluish green and yellow. 

Its lustre, 3.4. I'ransparency, 3.4. 

Its fracture eonchoidal. 

its hardness, 10. Specific gravity, 3,698 to 
3.719. 

Mth SpeGtes.-^ChrijsoIife. — Its most usual 
colour is yellowish green, mixed with brown, 
sometimes verging to the olive green, mA some- 
times to pale yellow, mixed with grey, seldom 
allied to reddish brown, or grass green. 

Its internal lustre, 3.4. Transparency, 4.3. . 

It is found partly in sharp uneven indented 
fragments, often rounded grains, and partly in 
mutilaled crystals, which seem to derive from 
right-angled quadrangular prisms, whose angles 
were trmrcated. 

Its surface has a fine splmtery or scaly ap- 
p earanee; but such of the crystals aa have not . 

* 2 Bcrgtn. Joara. 1790, p. 84, flO. Leske, Q. g. fimcl. 
Grandr. p. 22. 

been 



hkeu injured by ftictioa have their broadest 
s^es streaked kngthvrays. Where the surfaee 
bat ttot feuffered by attrition, it ha^i a consider- 
able lustre. 

Its fracture^ in every direction^ is cenchoidal. 
Fragments^ 3L 

Its hardness from 9 to 10. Brittle. Specific 
gravity, frwaa 3^2^ to 4,410. Mr. Werner 
adds, that no stone, whose density is inferior to 
^^300, or superior to 3,430, is a chrysolite. 

It is infusible at 150<>, but loses its transpa- 
rency and becomes blackish grey. By pure air 
it is coftverted into an enamel. Borax and mi- 
erocosmic salt effect its fusion, but alkalis have 
scarce any iaction on it. 

The above account is taken, with little altera- 
iion^ from Mr. Werner's masterly treatise on 
this fttone, in the second part of the Miner's 
Journal, for 1790. He there shews that this 
stone hath been frequently mistaken, and that 
4ilivins, greenish tourmalines, chrysoberylls^ 
olive green amethysts, prehnites, yellowish 
green garnets^ and dark green crystals, found 
near Vesuvius^ have been taken for it by dif- 
ferent writers ; nay, that Mr. Rome de Lisle 
had been so far deceived as to describe crystals 
of phosphorite, and Saxon topaz, under the ap- 
^Uation of chrysolites. Baron Born, in Raab's 
Catalogue, fell into similar mistakes. 

According to Mr. Achard it contains 0,64 
argilt 0,17 calx, 0,16 silex, and 0,0166 of 
iron*. 

13th Species.— Olivtnf. — Its colour, light 
brownish green, often inclining to the yellowish 

• 1 Bei^. Jdiini. 1790, p. <®. 
t 2 BergauJmm* 170O, p. 55. 

q 4 and 
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tfxkd ^eyieh green ; ' and, when withered^ ^to 
brownish or ochre yellow. Lately ftlso, soaia 
have been found of a bluish or mounlain greaa. 
1 Ber^- Journ. 1792, p. 290. 

Its internal lustre, 2.3. Transparency, 3.^. 

It is found generally in roundish grains, 
mostly inserted in other stones ; but sometimes 
in large masses, never yet crystallized. 

Fracture, conchoidal, approaching to the un^ 
even^ seldom imperfectly foliated ; and then it 
is not qertain that it is not a different stone ; 
or, perhaps^ a variety of the same*. 

When large, it presents small-grained distiact 
concretions easily separable. 

Its hardness, 9. Brittle. Specific gravity, 
Ciom 2,96 tp 3,225, 

It easily withers by exposure to the open air. 

By the experiment of Mr. Voight and Mayer, 
it is fusible into an enamel in a heat of 150^ ot 

Hitherto it has been found only in basalts oc 
traps, and not in wacke, or amygdaloids ; 3'et 
Mr. JLfievre assures us, he detected it in some 
pot^s tones pn the Pyrenees. 30 Jloz. 397. 

This stone is attacked by digestion in nitrous 
acid ; and its ferruginous part taken up ; but 
chrysolites are not affected by this acid ; and 
thus we have a sufllcient criterion whereby to 
distinguish tliem. 

l^th Specks. — Obsi4ian. — Icelandic agate 
of some, lux sapphire of Hungary* 

Its colour, black or greyish black; in very 
Oiiu pieces dark green. 

Its internal lustre, 3. Transparency, I. 

— — — ^— ■"■■ ■ —^—1 II —— — P1^^^^M^^^M^I«^» 

* t 

* 1 Beigm. Journ. I7gi, p. Ml. 

It 
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It isfouttdindetached nia6Be»> or mketeili ia 
gniess^ grsmit^z or porphyry; generallyi iovented 
with a grey opaque crust. Fichfiel saystt has 
been found in the form of a tvrelve<p«ijded pyra- 
mid^. 

Its fracture^ perfectly c<mehoidal> wmetimes 
irideaeeot. • 

HardaeM^ 10. Specific gravity^ 2>34B. 

It melts ioto a grey opaque, mass. 

Accordimg to Mr. Bergmau, Icelandic -ng^te 
contains 0^69 silex^ 0^2S argili> 0^09 itfon. 

We have no r^son to suspect >t of volcanic 
origin^ as it is £ound in Hungary^ iaheriog in 
gnies8> and disintegrated granite. Oerfa* Minet: 
Syst. 2S3.. > > . : ; 

« * 

l&th Species. — ShorL Schwart%er Stangen 
Short of Werner. — Its colour is blacik. . 

Its lustre 2, common. Transparency, 0. 

It is found either in masses of indekerniniate 
form^ or crystallized in three or niMrsided 
prisms, which, when entire, are terminated with 
three-sided summits. 

The surface of the crystals is longitudinally 
streaked : 

The amorphous sort presents thin, straight, 
distinct, columnar concretions ; sometimes pa-^ 
rallel, sometimes diverging or stelliform, streak-^ 
ed,^ and easily separable from each other ; very 
seldom irregular granular concretions. 

Its fracture conchoidal, verging to the un- 
even ; and hence often resembling the striated. 

The longitudinal fracture, foliated. 



* Beytr. Zur. Mineral Gesch. Siebenbargh, Tlieile. 1, 
p. 143. 

Its 
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ItB ff^Riento, Si: Civ€« It my iMeafc. 

lis bardnetftj 10. • lu specific- g^airity, from 
%92%oS,2l2. 

Wii^n heatod to redness, it alters its cdl^ttf in 
cooling, to a brownish red ; at 46^ it beconiM 
rodd^ ; ail Ab^, it dMS «M iMlt ; but at 127^ it 
is converted into a brownish black compact ena^ 
cnel; at 147^ it faecooSesmOre porous, and its 
surface somewliat redier. I found its specific 
gimttty after expMuws to that heat 2, 143^ from 
the number of small nor^s. 

The word shorl so rre^uently. occurs in milie- 
ralogscal writings, and has been so often applied 
teataaes^f yarioUs species, not only by different, 
but often even by the same author, that it be- 
comes necessary to point out the different senses 
in which it occurs amongst the most emineat of 
those writers* 

The terai itself is derived from the Swedish 
afori, brittle^ and was first used by Groustedt 
to denote a olass of stones of a columnar form 
and considerable bardness and density; their 
specific gravity being from 3 to 3,4. But it 
vttfiirtuttately happened, this class of stones 
comprehended many of different species, such 
as basalts^ aclinoiites, Ac. And, as he trans- 
lated this word into Latin by the basaltes, the 
confusion was thereby increased. 

He does not> however^ pretend it is always 
crystallized; for, he ^distinguishes four sorts, 
the last of which only is, be says, crystallised. 

1st, Ifte amorph^uB marUal akorlj or skorl^^ 
birg; this, Wallerius tells us, is his awn 146th 
species^ of a green or yellowish green colour ; 
its specific gravity 3,200, difficultly, if at all, 
giving fire with steel. This is now what is 

called 
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caHed the gemciner, or coannon acttneiite of 
We^er, as &r ai Ah takes in the aiiior|ili^iit 

sort only. 

iud. The shorl spmr of a grwn and sdme- 
tiines of a white colour ; this is the bataltei 
BpatlwsttS of Wallerivs, and probafoiy denotes 
Uie green foliated hornblende and sterlile. 

SA, ThefihreuBy or ttrahl shorly blacky gi^eeK> 
and white ; the baMlt€9 fibrMms of WaUerhis> 
which is tifie crystallized emnmon actiiiolite ef 
Werner. 

4th, The shorl crystal, which he tranriates 
basalt es crystalisatusy of which he distingitiihea 
three' colours, the blac4c, gre0B> and reddish 
brown ; as does Walleriiis, who^ deceived by the 
name, comprehends alao the pillars of the Giant'l 
Causeway under this srp^cies. The black, bew«» 
ever, is the real shorl ; the other colours pvO'^ 
bably comprehend aetinolites and tonrnu^liiies* 

Mr. Bergman also distinguishes three sorts 
of short, tht fibrous, which he mentions in bis 
treatise on asbestos, the cvystallissed. Mid dve 
scaly ; this last he also calls bombleode * ; but 
the lirst melts, per ae, into a grey percelaiifi 
maf^s, and therefore does, net beiodg to this sjpe-*- 
cies ; the crystallised is softened indeed by the 
blow -pipe, but is scarcely melted into a bradj 
whereas b^mb lender ntelts easily^ and dietefbre 
they are net of lli^ same species ; he also ew«s, 
that the crystallised sort em^tilates the bardmss 
of crystal, whereas hemblend^ any be scraped 
bry a jcnife. Again he distfffgttiriiw the et^n-^ 
talUxedinto transparent and opai|ue ; til» tfftlMP* 
parent are yellow, or brovm, hut mestbf ^mmi j 
the opaqne, also^ black or green. 

• 2 Bergm. 107. 

Thus 
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Tlnis'tlie tourmalines afso, to say nothing of 
basaltic hornblendes^ will be comprehended un- 
der this denomination. 

'Mr. Saussure's definition of the characters of 
thi) stone is also too ^comprehensive ; it is^ he 
tells us^ "^^ a hard bright crystallized stone, par*- 
tiallysolubie without effervescence in acids^ and 
fusible per se. Its hardness^ 10 ; its fracture^ 
Vitreous ; its specific gravity^ far exceeding that 
of crystal ; its colours, green, yellow, or black ; '* 
to which he afterwards adds white, and also ba*- 
saltic hornblende. 

Mr. Rom6 de Lisle constantly confounds 
shorls, actinolites, tourmalines, and basaltic 
hornblendes ; yet he owns that he long hesi* 
tated whether he should not consider these last 
as a distinct species ; he calls them volcanic 
shorls. 

To Mr. Werner's sagacity we owe the pre- 
cise characters by which these different species 
are now Accurately discriminated ; and which 
we have enumerated in treating of each. 

Fi^m the indiscriminate application of this 
name to stones of different species, we are at a 
loss to know to which of them the. few analyses 
we have of shorls should be particularly ap- 
plied. 

Mr. Bergman, in his Treatise on Gems, tells 
us, that shorl contains a greater proportion of 
silex than garnet does ( and in garnet the sili* 
ceous is the most copious ingredient ) ; next to 
that the argillaceous ; and next to that the 
calcareous is the most prevalent. In black 
shorls, he tells us, iron is in the proportion of 
20 per cent, however as he mentions yetlow^ 
brown, and green shorls, it is uncertain to 

which 



Mrbich of them this gradation of ingredients 
should he attributed. 

Mr. Weigleb^ indeed^ seems to have analy2ed 
the genuine shorl of which we here treat; yet 
his account differs in many circumstances from 
that of all other chemists ; for^ in the first place^ 
he found that unless the union of its constituent 
parts were weakened by calcination with an al- 
kali, spirit of nitre, even by long digestion, could 
dissolve no part of it*. And again he tells us, 
it contains no calx, but only 0,3416 silex, 
0,4125 argill, 0,20 iron, 0,0541 manganese f. 

Mr. Chaptal, on the other hand, relates, that 
he found in the black prismatic shorl of Gevau- 
fdan, 0,53 silex, 0,37 argill, 0,05 calx, 0,03 man- 
ganese, and 0,03 of iron. 2 Chaptal, p. 1^. 

Mr. Saussure also informs us, that the shorls 
he examined were in great measure soluble in 
nitrous and all the mineral acids without any 
previous operation, and contained both mag- 
nesia and calx, as well as argill, silex, and iron. 
1 Saus». p. 64, 65, &c. 

Mr. Bergman even thinks calx an ingredient 
essential to shorl ;{;. In the analysis he gives us 
of the black crystallized shorl of Mount Albano, 
he found both calx and magnesia, but this was 
most probably a basaltic hornblende. 

Mr. Bindfaeim also found 21,6 per cent, of 
calx in what lie calls prismatic shorl discovered 
in limestone in the Carpathian Mountains; but 
it is not clear, as no description is given, what 
stone it really was. Mr. Bergman thinks it 
was K seeolyte^. 

I tried Mr. Weigleb's result synthetically, 

♦ 1 Chym. An. 1785, p. 240. 
f 1 Crell Be)rtrage« 4 Stuck« p. 33. 
X Schw^. Abhand. 1784., p. 113. 
. f 2 9tyr. Aon. 1784^ p. 396. 

and 
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Md foiiB4 a eompoiiad exactly fiinned a» bis #e<* 
sult^ omitting only the maa^anese, scarcely fu- 
sible at 148''; it formed only a greenish black 
porou9 slagg. 

To comprehend in one view the different sig<- 
nifieationfl of this term^ vfe may observe^ that 
what are called^ 

White shorls, are sfaorlites, or acicular baro- 

selenites ; 
Yelloiff, basaltic hornblendes ; 
Reddish brown, basaltic hornblendes^ and 

sometimes tourmalines ; 
Green^ if fibrous^ shorlaeeons^ or vitreous 
actinolites ; if grosser, prehnites ; some* 
times even hornblende is called green 
shorl*. 
Violet, thumerstein ; 
Blue, sappare; 
Black, and hexagonal, or volcanic, are also 

basaltic hornblende ; 
Red «AoW8, longitudinally streaked, have been 
lately found in Hungary. 1 Raab. 168. 
1 have also observed one in Leske's collec- 
tion^ O. 171 ; but so small^ add ao firmly 
stuck in quartz, that I could make no ex- 
periments upon it. Rubellites are also so 
called. 

16M Species. — Tourmaline, — The usual co- 
lour is brown, often so dark tbat^ when not held 
to the light, it seeing black, yet often so light as 
to approach to Uie hyacinth red ; sometimes it 
verges to the olive green, or dark green ; it is 
even found blue. Mr. Bergman tells us, that 
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* For instance, by Mr. Boisen, see Bsttior Sreyraodi 6e- 
dankcQ, p. 37* 38. 

of 



of Ceylon^ift dmk brow«« or ye)lawi«b>; Unit of 
BrasiU greoBi^h;, bLuisb^ reddish^ or yeUawu)b 
brown; tb^tof TjroL by reflected bgbt^ bUck^ 
ish brown ; but, by transmitted light, yellow- 
i8b> or> in thin piece^^ greeiwb. That of 
Switzerland blackish. 

Its internal lustre, 2,3. Transparency, 3.4.2. 
and 1, when black. 

It is found in detached blantnsdged pieces, or 
grains, or crystallized in slender ^hree or nine 
sided prisms, with a tetrahsedral summit. 

The surface of these crystals is often smooth, 
but often also longitudinally seamed. 

Its fracture concboidal, yet sometimes disco- 
rers some tendency to the foliated. 

Fragments, 3. The detached amorphous 
pieces discover columnar concretions. 

Its hardness, from 9 to 11. Specific gravity, 
from 3,05 to 3,155, 

But its most remarkable character is the elec- 
trical power it acquires when heated to about 
800^ of Fahr. so that it attracts and repels 
ashes, and other light bodies ; yet this property 
is said to have also been found in opaque shorls. 
2 Bergm. p. 124. 

It reddens when heated, and is fusible per se, 
the crystallized with intumescence ; and that 
from Ceylon or Tyrol forms a xvhitish spongy 
enamel ; the.uncrystallized, that of Brasil, melts 
more difficultly. 

Hence we see that tourmalines differ from 
•horls generally in colour and transparency ; 
but chiefly in the results of their fusion. 

Neither microcosmic salt, nor mineral alkali, 
readily flux it; nor borax, though its action is 
more sensible. 

The mineral acids extract botli calx and' iron 

from 
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from it when barely pulverized^ aad after loil^ 
digestion or distillation ; but do not decompose 
it perfectly without particular manageroeot. 

The proportion of ingredients in the tourma^ 
lines of Ceylon^ Tyrol^ and Brasil^ accord- 
ing to Mr. Bergman^ and in that of Mount 
Gothard, in Switzerland^ according to Stru- 
vius^ is as follows : 





CtyUm, 
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SrasiL 


Si, Goihard. 


Silex 


37 


40 


34 


37,5 


Argill 


39 


42 


39 


38,5 


Calx 


13 


12 


11 


10 


Iron 


9 


6 


. 5 


9 



ilth Species, — Thurucrstone* . Shorl Violet 
de Dauphine^ Glass Shorl of some. — Its colour 
is clove brown, often very light, or inclining to 
red, greenish, or pearl grey ; or inclining to 
violet, or black. 

Its lustre, 2. Transparency of the amorphous, 
3.1 ; of the crystallized, 3.4. 

It is found either amorphous or crystallized ; 
the amorphous is lamellar, and nearly foliated. 

The crystallized forms flat rhomboidal crys- 
tals, whose angles are truncated. 

The faces, except where truncated, gene- 
rally longitudinally streaked ; the grey are 
often cellular, and the cells filled with the 
brown variety. 

The fracture^ minute conchoidal, inclining 
to the uneven. Fragments, 3. 

Its hardness, 10.9. Brittle. Specific gra- 
vity, 3,2956. 

* I Bergman, Joam. 1768^ p. 55, and 262. 1 HdveL 
Manz. ISO. 

Wheo 
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When heated little above redness^ it swells 
and foams like aeolite, Mrbich proves il to be 
specifically different from shorls^ and at last 
melts into a bard black enamel. 

According to Mr. Klaproth, it contains 0>fiS7 
silex, 0,256 argill, 0,094 calx, 0,096 calx of 
iron, and some manganese. 

It is found crystallized in Dauphine, and near 
Bareges, and amorphous in Saxony, near Tbum, 
whence Mr. Werner ^alls it Thumerstein. 

\Sth Species. — Prehnite*. — This stone has 
been denoted by various names.— *By some it 
has been called green short ; by others, emerald, 
or prasium, or chrysoprasium ; and even felt- 
spar, and chrysolite, and zeolite of the Cape. 

Its colour. is apple green, or greenish grey, 
of various degrees of intensity. 

Its external lustre, 2. Its internal le^s, and 
o^ the pearly kind. Its transparency, 3.3. 

It is found both amorphous and crystallized. 
The amorphous presents either a foliated or 
striated texture ; the foliated consists of large 
or small-grained distinct concretions, and the 
striated forms imperfect, slender, columnar con- 
cretions, Tbe crystallized forms either low, 
small, compressed, flat, quadrangular prisms, 
or tables ; and some with truncated angles, and 
heaped together or in groups. 

The principal fracture is foliated^ seldom 
striated ; the cross fracture uneven, and fine 
grained. Its hardness from 9 to 10. Brittle. 
Us specific gravity, 3,9423, 

Exposed to the blow-pipe, it swells and foams 
when heated to redness still more tban zeolites 

* I Be;rgmaa*8 Journal, l7go, p. 110. 32jloz. Joum. 81. 
I Ann. Ch^i 202. 

VOL. I. R * . do. 
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da, aiDd melts iaix) a iMrown eAame)> sniMlli on 
the outside, imt spongy and porous und«rnea<Ai. 

Of the usual flvxes bomx in tke tiiosteiec- 
tive; Tvith alkalis it forms only mn enamel, 
int mtcroommic salt forces it into an opate#€ent 
glass. 

By the analysis of Mr. Kfatprotli, it contains 
0,4383 silea, D,30fi3 argiH, 0,1^ caix> 0,0566 
^on, and 0,0183 of water end ^. 

By diat of Mr. Hassenfrata, 0,50 sile^, 0,^994 
argill, 0,g33 calx, 0,049 iron, 0,009 water, and 
0,005 nmgaesiii. 

Tfais stone was first fisimd Aear the Cape of 
Cnood Hope by Cap t. Prehn, hence Mr. Werner 
•calls it prehnite. Lately, it has li^een discO'* 
T.ered near Dombarton, in Scotland, by that 
.accurate ohsemer Mr. Orotscbe. It has also 
been found in Daiipliin^. 

In lustre, texture, and intumescence, it re- 
sembles zeolites, but differs in hardness, spe- 
cific gravity, colour, relation to fluxes, and 
also in constitntioq, for it contains iron; neither 
does it gelatinate with acids, as zeolites do. On 
the ather hand, it differs from shoris, by its 
fracture, noutumescence when Seated, greater 
.fusibility, and the porosity of its enamel. Hence 
.Mr. Werner jaslly considers it m «^ partku^lar 
•pecks, but nearly allied to zeolite. 

I9ih Species. -^jEdelite, or SUice&us Zeolite* . 
-^ts colour is light grey, sometimes witfi a 
tinge of rod, or .yellowisii brown, green, or 
yellowish green. 

Its luatre, J . 

Its fbcm, ^ tuberose, or knotty. 



* Schwed. Abbandl. 1784, p. Ih4. 

Its 



m 

Its fracture^ striated^ but tometimef^ tpVm* 
terj^ like quartz. 

its hardness from 9 to 10. Specific gravityj 
3^513^ when jietetrated with Trater^ of virliic]^ 
these stones absorb about rt ^f tbeir v^igbd 
and sometimes more. 

The external characters are but ini^ef f^etly 
girea, as I Aeitber possess any spdeitlien> n^r 
haye seen any j^Mt description of it. 

Treated by the blow^pipe it intumescesj ami 
gives il frothy mas8« 

Itedntains from 0^62 to 9Ji9 silelt> 0,19 or 
0,m argill, 0^ or 0,16 ca]x> fiMi)fi$ or 0,01 
of water. Per jBergman, Mem. Stock. 1784^ 
p. 1 14. 

These stones have hitherto been only found 
in Sweden, at Adelfors, and Messeberg, and 
must not be co-founded with zeolites mixed 
with stlex or calcedony, which are much more 
common, and abound in Auvergne. They hav^ 
hitherto been classed with common zeolitesi 
because they consist, of siiex, argill, and calk/ 
in a proportion progressively dinmishing, and 
ansM-er to Mr. Bergman's formula sac, as he 
himself tells us, and because tliey contain water, 
and swell or froth before fusion, apd have a 
striated texture. But, if these reasons wer^ 
valid, pr«fanite should also be reckoned w 
zeolite ; for, its composition corresponds with 
the formula^ac;. it contains water^ intnmicsees 
be&re fusion, and has a striated texture; y^t 
most mineralogists consider it as a distinct spe-^ 
cies; the proportion of ingredients must bf 
considered, and in this case the proportion ot 
water, which I lodk upon to be essential to 
zeolites^ is wanting ; for this 5tone eoQfains? 
only 3 or 4 per cent, a propter ti^^i^ jnpt exceed* 

R 2 ing 
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xng that in several other species of stones^ and 
merely accidental ; indeed^ any quantity below 
5 per cent, (except a metal) makes no altera- 
tion in the notable properties of any stone^ as I 
have before remarked. 

On the other hand^ a hardness, not snfftcient 
to give fife with steel, is a property laid down 
as one of the criteria of zeolites by Cronstedt, 
otherwise sufficiently careless of external cha- 
racters ;' and, in effect, is found in all those that 
possess the true constituent parts of zeolite, and 
m due proportion ; besides, its specific gravity 
is considerably greater than that of zeolites. 
The absence of iron is not a sufficient reason to 
"annex it to zeolites ; for even Bergman allows * 
that zeolites may contain 1 per cent, of iron. 

Hyalites approach much nearer, and yet are 
a distinct species. 

The red zeolite of Adelfors is generally rec- 
koned among the zeolites that strike fire with 
steel*; yet Mr. Bergman expressly tells us it 
gives no sparks. -Schwed. Abhandl. 178 It, p. 
115. And Swab. 2 Mem. Swed. p. 434. 

SO<ft Species. — ZeoKtcf. — Its colour is white, 
yellowislr, or reddish white, brick red, greenish, 
or blue. 

It is found both amorphous and crystallized, 
the latter in cubes, or hexahedral parallelope- 
pids, or tables, or cuneiform, or capillary, or 
m triangular pyramids}; ; sometmies with 24 or 
26 faces, Ac. §: the former frequently in a mealy 
or sandy form. 
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Its lustre,* silky or pearly, 8.3.1. Transpa- 
rency, 2.3.4.1. 

Its texture, fibrous or striated, often both in 
the same specimen ; either stelliform, or scopi*- 
form ; rarely foliated, and only when crystal 
lized in hexahsdral prisms. Fragments, 2. 

Its hardness, from 6 to 8 ; rardy 4. It alK 
sorbs from -rs- to ttv of its weight of water. 

Its specific gravity before absorption, is from 
2,07 to 2,214 ; and, after absorption, from 2,13 
to 2,3 ; but sometimes it is mixed with quartz 
or calcedony, and then may rise tb 2,4. 

It is partially and slowly soluble in the three 
mineral acids without effervescence, and if they 
be not in too great quantity, it gelatinates most 
commonly. The acetous acid, at least the com- 
mon, ^does not affect the gelatination. The si- 
liceous part, being undissolved, is that which 
forms a jelly. Radical vinegar dissolves the 
calcareous part Sometimes an instantaneous 
effervescence may be produced, as in the red fo- 
liated zeolite of Adelfors. 2 Mem. Swed. p. 
436. But this arises from a slight quantity of 
calcareous spar, with which it is contaminated. 
Van Troil, p. 375. Mem. Swed. 454. 

When heated, most zeolites froth and foam 
nearly as alum, before fusion emit a blue phos- 
phoric light, and finally melt into a white semi- 
transparent frothy enamel, not hard enough to* 
cut glass, and whieh is itself soluble in acids*. 
Mineral alkali promotes their vitrescence most, 
next borax, microcosmic salt least. 3 Bergro, 
226. 

The zeolites analyzed l^y Mr. Bergman^ 
Maver, and Pelletier, contained as follows : 

* a Bom, Physic; Aibcit. p. 73. 

R 3 Silex. 
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Siles. 
Bergman 0>48 



Ditto 



0,80 



Majer 0,583 

Ditto 0,4J 

Felleticr 0^50 

r- 

\^ Btsiigxnan 0>53 



0,22 
0,095 

0,172 

0,31 
0,20 

0,025 



Calx. 
0,14 

0,065 



0,06 

0,11 

0,0s 

0,26» 



Water. 
0,1a 



0,04 



0,175 



0,15 



{ 
{ 



0/)25 0,247 



Zeolite of Iceland. 
(Red of AdeHbfi 
^ VanTroil,p.368, 
I 37(^aiid874. 
A stiiated.. 4 Bert. 
Beschafl. 330. 
A do. 2 Bell. Bes- 
chaft, 475. 
0,22|Of Peroc. 

( Zeolite of HsAka- 
0^17 < tadt. Swed. Abi- 
( hand. 1784, 66. 
f And fixed air; 
\ 0,003 iron, and 
-^ 0,005 magnesia, 
in the same stone. 
Ibid. 115. 
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Hence \¥e see that any proportion of silex, 
argill, calx, and vf^ler, is sufficient to consti** 
tute a zeolite, so that the silex exceeds, and that 
the compound is {Visible to an enamel. For, 
the zeolite of Hasllestadt possesses the properties 
of a zeolite, though the proportion of argill be 
smaller than that of calx, contrary to what 
happens in all the other zeolites. 

Hence Mr. Bergman's formula should here 
be sea, and not scam, as ^he proportion of mag- 
nesia is absolutely insignificant, and iron is ever 
accidental in this species. Pure zeolite neces- 
sarily excludes it. I must also add, that the 
specific gravity of zeolite of Hsellestadt ex- 
ceeds that of other zeolites, being 2,417. 

Zeolites generally possess two properties, viz. 
gelatination with the mineral acids, and intu- 
mescence before fusion ; neither of which is pe- 
culiar to tliem, but one or other of them seems 
essential to them ; and both, I believe^ are pos- 
sessed by no other substance^ except lapis lazuli, 

which 



UltliiDMe^a im\y in 9 ywy high' heaV and 
gelatinates only after calcinatiQD. 

l9t^ Aa to gelAtiiiatm. Mr. Swab ^^baerted^ 
that a mixture of e^ual parts^ fine clay and 
Ume^ foriM a glasa wbich g^^latinafees with acids. 
60 does a melted mass of Q^nal parts^ lime and 
quarts. % Mem. Swed. p. 443. Tba ciay in the 
former experiment aUo coHtaina ailex.. Mr. 
Pelletier found the siliceous ore of Binc> also to 
gelatinate^ but does not intumesce. 

On the other hand, all seolite^ do not gelati- 
uate^ per Mr. Swab^ 2 Mem. Swed. 455. 3 
Bergm. p. 388. The zeolites of Hnllestadt 
also gelatinate^ bar not^ until previously caU 
cined^ per Mr. Swab> Swed. Abhandl. 1784^ 
p. 60. The zeolites of the Hartz do not g^la-» 
tinate ; neither do the cryitallized of Iceland^ 
or Feroe, as some say*. 

Again, as to intutneacence, several stones in- 
tumesce before fusion, as prehnite, thumerstein^ 
lilalite^ &c. and several zeolites, do not intu- 
mesce, per Bergman, Swed. Abhandl. 1734, p. 
1 15, or only very slightly. 

As zeolites imbibe water, they frequently ef- 
floresce by exposure to the air ; and as they ex<f 
ist in a rounded form in traps, the cavities in 
these frequently arise from the falling or wash- 
ingout of the mouldered zeolites. 

This stone often passes into calcedony, 

< 

2lst Species, — Staurolite, or Crass Stone of 
St, Andreashergy in the Hart%\. Kreutz Crys- 
^ftl of the* Germans. Hyacinth hlanche of 2 
Rom p. 899.— Of this atone there are two va» 



* Larius Hartz, p. 335. % Lempe Magau p. 59. 
t 2 Bdigbaa. p. 23. 

R 4 rieties. 
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rieties. The second is very scarce^ baving oc*^ 
curred but once. 

Tbe colour of the first is milk white ; of the 
second^ brownish grey. 

Their shape is that of two qusrdrangular 
tdbles, or flat quadrangular prisms^ bevilled at 
the edges^ and intersecting each other at right 
angles. Some diflerence may take place as to 
the form of the edges^ and the angle of inter- 
sectioiv 

The crystals of the second variety are most 
commonly sulcated. 

I'he lustre^ both external and internal^ is va- 
riable. Of the first generally S; and of the 
waxy kind^ that of the second pearly; and 
somewhat stronger than that of the first. 

Transparency^ 1.2.3. The fracture of both 
is foliated. Fragments^ 3. 

Hardness^ 9. Brittle. Specific gravity of 
the first, 2,355; of the second, 2,361. 

Gradually heated, both decrepitate and lose 
0,15 or 0,16 of their weight, and as some say, 
slightly intumesce*, and then fall in powder. 
This powder is infusible at 150^, but by pure 
air is converted into a white enamel. 

Mineral alkali fluxes both varieties into 
a frothy enamel; that of the first is white, that 
of the second purplish and yellowish. Borax 
and microcosmic salt effervesce, but scarcely 
unite to them, yet reduce them to a porous 
greenish opaque mass. 

Acids do not sensibly effervesce with them, 
yet they have some action on them ; as the con- 
centrated vitriolic takes up a little argill, and 
the nitrous and marine, also argill and barytes ; 

■ I I ■ ■ I I I I . I ■■ .■■!■■■ ■» 

* 2 Lcmpe Mag. p, 59, 

blit. 
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but> after calcination^ aqua regia^ slightly ef- 
fervesces inrith tfaem^ and takes up some argill 
and barytes. 

According to Mr. Westrumb, the iSrst va- 
riety contains 0^44 silex, 0,20 barytes^ 0^20 ar- 
gill^ 8^16 of water. The second variety con- 
tains 0,475 silex, 0,20 barytes, 0,12 argiil, 0,16 
water, and 0,045 iron and manganese. 

According to Mr. Heyer, the first variety 
contains 0144 silex, 0,24 barytes, 0,20'argili, 
and 0,12 of w&ter. 

This stone is commonly considered as a zeo^ 
lite ; but we see that its composition is tot^ly 
different. 

22n^;; Species. — Lapis Lazuli. — Its colour is 
of different shades of blue, mostly light, or 
deep azure, with white spots of qtiartz, and 
often with bright yellow specks, or veins of sul* 
phur pyrites. 

In shape amorphous. 

Its lustre, 0. Transparency, 0. 1 . 

Fracture uneven, nearTy eartbyx Frag- 
ments, 2. 

Hardness, from 8 to 9. Specific gravity, 
from 2,76 to 2,945 Brisson. 

A specimen of my own collection, very pure, 
«,896. 

It retains its colour in a heat of 100^, which 
distinguishes it from cupreous stones, but in a 
higher heat it intumesces, and melts into a yel- 
lowish black mass, and in a still higher, to a 
whitish enamel. 2 Margra. p. 323, 324. 

If pulverized and treated vrith acids> it gives 
some signs of effervescence ; if calcined it does 
not effervesce, but gelatinates with the mineral 
acids. Magr. Ibid. p. -^9. t 

It 
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It has not as yet been properly analyMd. 
Margrsaf s enquiries vere chiefly directed to 
the investi^tion of copper. He found none, 
but barely iron^ 8ilex> eaU> and gypsum. Mr. 
Rinman detected the sparry aeid^ ^ 201 . 

It is found only in the confines of Siberia ajid 
Tartary^ or China ; and lately^ as is reported^ 
in America. 

2Bd Species. — CArj/«opra«tf<m*. —Generally 
of an apple^ or light leek green^ sometimes ap** 
proachii^ to the grass green^ or to the oliye 
green, or pale greenish grey. 

Always amorphous. 

Lustre, 1^ almost 0. Transparency, 2.3. 

Fracture, even, or inclining to the splintery. 
Fragments, from 2 to 3. 

Hardness, from 10 to 12 Specific gravity^ 
2,479, by my trial. 

Heated to 130'', it loses its colour, whitens, 
and becomes opaque. It is infusible at 168^ ; 
by pure air it gives a white compact enamel. 
Powdered and heated with two parts vegetable 
alkali it gives a violet glass ; with mineral aU 
kali or borax, it gives a brown glass; with mi- 
crocosmic salt, a honey yellow *. 

By the analysis of Mr. Klaproth^ in which 
the most consummate skill and accuracy are 
displayed, it contains 0,96 of silex, 0,01 calx of 
nickel, 0,0083 lime, 0,0083 argUl and 0,0083 
calx of iron. 

It often passes into calcedony. 

^^h Species. — VcM^vian, or White Garnet of 
Vesuvius. '^lU colour^, white or greyish white. 

* Wemer*s Cromt. p. 99. 

t 2 Berl. Beob. 2 Stuck, pi Sp, and 40. 

Always 
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Alwtjt cryttalUsted, eithct frith Id, 18, ^, 
36, or e^en 56 faces, sometimes pentagobal^ 
trapezoidal^ or triangular. Sic. f mm tbesise of 
a pin's httkA to ttiat of an inch ; and frequently 
decomposed. Found principally in the la?aaf 
Vesttvitts, or other ancient lavas, particularly 
in Italy, and in the primordial stones of Ve>- 
suvius. ... 

G^ioeni 37. But lately also in some granites 
of the Pyrenees, and among the gold ore8 of 
Peru. 40 Roz. Joum. p. 3DS. 

Lustre, 3 ; hut, as they are commonly in a 
state of decomposition, 0. 

Transparency, yivhen fresh, 3*2 ; but generally 
from decomposition, 0. 

Fracture, foliated, inclining to coocboidal. 

Hardness ^hen intire, from 8 to 9; urhen 
mouldering, 5 or 6. Specific gravity, 8,4648. 

Fusible per se by the blow^pipe, but diffi- 
cultly. Mineral alkali scarcely fluxes them, 
borax and microcosmic saltj very slowly. 

Mr. Bergman found them to contain 0>55 si*- 
lex^ 0,39 argill, and 0^06 lime, but no iron^ or 
scarce any. 3 Bergm. p. S06. 

The decomposed state of this stone does not 
proceed merely from the action of the air, nor 
exposure to sulphureous vapours, but princi* 
pally from the heat to v^hich it was exposed ; 
for It is found opaque, and mouldering even in 
the midst of solnl masses of lava^ as Mr. Wer- 
ner has observed. 4 Helvet. Magaz. p. £41. 

2bth Species. — Shorlite*. Shorlarttget 
Beryll of Werner's Mineral Sy^em, Stan^ 
genstein of Leske. — Its colour, greenish white, 

* W»ner*8 Citmet. p. 1^. Wdsseii ttengen shori. 1 Olif . 
Ann. 1788, p. 390, 

some- 
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sometimes iocliDiDg to yello\fish^. or sulphur 
jcllow. 

Mostly found in irregular oblong masses or 
columns^ inserted in a mixture of quartz and 
miea^ or granite. Mr. La Peyrouse tells us^ 
he found some in small lamellar masses on the 
Pyrenees*. 

Lustre/ 2. Transparency^ 2.1. 

Its fracture^ uoeyen^ ana^ seemingly^ some^ 
what foliated. 

Hardness^ from 9 to 10. Specific gravity;; 
3.530, per Klaproth. 1 Chy. Ann. 1788. p. 
390. 

Infusible at 168*". and no way altered by 
heat. 

Mr. Ferber mentions a white shorl found in 
the Bannat. which phosphoresces when scraped 
in the dark. Nov. Acta. Petrop. 1785. p. 264. 
- By the analysis of Mr. Klaproth it contains 
0.50 siiex, and 0,50 argil! ; by that of Mr. 
Bergman. 0.52 argill. 0.46 silex. and 0.02 
water. 

This substance was called shorlite by Mr. 
Klaproth. than whom we cannot have a better 
guide. It cannot be the substance called white 
shorl by the French ; as Abbe Hauy thinks 
this rather of the feltspar species ; and Mr. 
P' Arcet found it fusible in a porcelain heat, and 
so did Mr. Chaptal ; and accordingly it con* 
tains 0.55 silex. 0.25 argill. 0.13 magnesia, and 
0.07 lime. By his analysis, 2 Chaptal. p. 124« 
But that called white shorl by Mr. La Peyrouse 
is most probably our shorlite; for. he found it 
infusible in the strongest heat. 

The white shorl of the French^ at least of 
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* 26 Roz. 434. 
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Mr. Chaptal and Abb£ Hauy, is most probably 
that sent to Saxony by Mr. Shreiber from 
Daupbin£> of which Mr. Hoffman gives the 
following description* : 

Its colour is greyish white^ but being cover- 
ed with iron ochre, it seems of a smutty yellow. 
Crystallized in quadrangular thin tables^ whose 
edges are somewhat convex^ and heaped on each 
other. 

Its external lustre^ 2. Interna^ 1 . ' Trans- 
parency, 3. 

Its fracture compact, approaching to the 
even. Its fragments^ 3. 

Its hardness, 10. Its specific gravity he could 
not determine. 

Shorlite passes into feltq[iar. 

26th Species.— Rubellitt, Red Shorl of St- 
teriaf . — Its colour, crimson, blood, or peach 
red. 

It occurs in accumulated groups, of a middle 
or large size, with straight tubular-like strie. 
Its surface rough. 

Its external lustre^ S. Internal, 3,5 Trans 

{larency, % at the edges 3 ; transmitting a yel- 
owish colour. 

Its longitudinal fracture delicately fibrous, 
with slender distinct concretions. 

Its cross fracture even^ inclining to the con- 
choidal . 

Fragments, 3. Hardness^ 10. Brittle. Spe- 
cific gravity, 3,100. 

Heated to redness, it becomes snow-white, 
and seems to phosphoresce, but loses no part of 



* 1 Bergm. Joarn. 1788, p. 57. 
f 2 Chy. Ann. 1792, p. 320. . 

its 
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k$ weight. In a higher li^at it k infaitibfe; 
Miuerat mliiali is tinged blue by it^ but scareely 
flukes it; neither does borax^ nor microcosmie 
salt, effect its fusion. 

By the analysis of Mr. Biiidheina it contains 
57 per cent, of silex^ 35 argilly 5 calx of iron 
and manganese; 

27th Species. — Of this t distinguish four 
families ; opal^ aemi opal; pi|;cb'^stoae^ or pech- 
3tein^ and ligniform. 

1st Family, — Opal EdUr, 4tnd Getber Opai 
of Werner. — Its colour is geoerally of a light 
bluish white^ sometimes yellow or ^een. Tlie 
white often emit a y^Uowisb; greeaiah/or iwddtsh 
effulgence^ resembling a flame^ when the eye is 
placed between it and the light ; as do the yellow^ 
a fiery ; and the greeo^ a. purple^ red, or yellow. 
Those that possess this varying splendor are 
called oriental ofuUs^ though they are not fovnd 
in the east ; and those that present but one co- 
lour are called coipmon, or vulgar opal?*. 

Amorphous, interspersed^ or in sharp frag- 
tnents. 

Its lustre^ 3. Glassy. Transparency^ S.^. 
Its fracture perfectly conchoidal. Frag- 
tuents, 3. 

Its hardness, fr^m 6 to 8. It is said to have 
. sometimes occurred in a soft state^ and to have 
hardened by exposure to the air. Its specific 
gravitv, from 1,700 to 2,144, 

It frequently contains a drop of water. A 
raecimen of this sart occurs in Leske's Collect 
tion, O. 841. 



« 2 Beigm. Jomm; 1788, p. 487. 

It 
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It is iofusibfe per 9§ $Jt ISO** ; it yields most 
readily to mineral alkali^ next to borax^ but 
«cmrce at all to microcoftmic salt. 

By Mr. Bergman's analysis it contains 0^85 
ailex^ 0,13 argiU^ cmitaminated with iron. By 
tliat of Klaproth, the white opal of Kosemitz 
contains 98,75 silex, 0,01 ar^U, and 0,01 of 
iron. The green derives its colour from calx 
of nickel*. 

It is often found decomposed by exposure to 
the atmosphere. 

I found the opal 844. Leske, O. Infusible 
at 151'' ; and so are all opals found to be. 

« 

Sfid Familsi .-^Serni Opa/f. — Its colours are, 
bluish, pearl, reddish, greenish, or yellowish 

frey ; greyish, reddish, or yellowish white, or 
oney, or wax yellow ; or flesh, or hyacinth 
red; or reddish brown, or yellowish, or liver 
brown ; or grass, leek, or verdegris green, or 
many- of these in the same mass. 

Amorphous or in sharp fragments. 

Its lustre, 3* Glassy. Transparency, 2. 1 .3. 

Its fracture conchoidal, sometimes imper- 
fectly. Fragments, 3.2. 

Hardness, from 7 to 9. Brittle. Specific 
gravity, 1,7 to 2,118. 

Some adhere to the tongue by reason of the 
rifts they contain ; these admit water, and are 
often hydrophanous, as we shall presently see. 

It is infusible as the former family. 

It differs from opals always in lustre, and 
oAen tn transparency, fracture and hardness. 

Its transitions are into horn-stone, calcedony. 



* 2 Bed. Beob. p. 45. 
t Werner's Craut p. 133. 
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chrysoprasium^ jasper^ and quartz ; and^ wfaen 
decomposing^ into porcelain clay. 

The semi-opal of I^eske^ S. 658, much re« 
sembles flint, but does not give fire with steel. 

There is a variety of the semi-opal called a 
Ptjrophanes ; because, 4)eing heated on a spoon, 
it becomes transparent, but returns to tts opaque 
state w^hen cold, as Mr. Landriani has disco*- 
vered*. Mr. Saussure, jun. renders common 
hydrophanes transparent, and of a topaz co- 
lour when heated, by digesting them in melted 
wax. 

It is said that some pyrophanes are found ia 
Armenia, which are transparent while exposed 
to the sun, and opaque at night f. 

9 

Sd Famihj, — Pitch'StoneX- — Its colours, 
grayish black ; bluish grey ; mountain leek or 
olive green; greenish brown; brick or blood 
red, or yellowish colour ; sometimes many ia 
the same mass. Found in large masses ; and^ 
lately^ also crystallized in six-sided prisms, with 
triangular pyramids. Lustre, of the greasy 
kind, 3.2.1. Transparency, 2.1., rarely 0.^^ 

Fracture^ imperfectly conchoidal, and un« 
even, often approaching to the splintery, the 
longitudinal fracture sometimes slaty. Frag- 
ments, 2.3. 

Hardness, from 8 to 10 ; and exceeding brit- 
tle. Specific gravity, from 2,049 to 2,39. It 
is true, Mr. Brisson found that of a brick red 
from Saxony, 2,6695, but it was probably im- 
pure. I found another of them, Leske, 251, 
G. to be 2,720. 

* 1 Chy. Ann. 1791, p. 483. 
f Chy. Ann. 1792, p. 35. . 

J Werner's Crongt. p. 124. . . .. r 
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It frequently presents either large or small 
grained distinct concretions. 

It often much resembles semi-opals and jas- 
pers^ but differs from the former always in the 
kind of lu8tre> and often in fractnre ; from the 
latter always in brittleness, and mostly in trans** 
parency* The brick red of Saxony, whose spe- 
cific gravity was 2,720, had scarce any Instre or 
transparency, and rather seems a ja^er, or he*> 
tween a hornstone and jasper, and pitchstpne^ 
for rt had several separate concretions divide^ 
by white seams. 

As to fusibility, there seems a great difference 
tn different specimens. 

1st, The pitchstone, Leske, O. 870. Of a 
leek, partly inclining to an olive green, whose 
specific gravity is 3,298, and melted at 16> into 
a white frothy enamel . 

2nd, Andtlier of the same collection, O- 873, 
which had scarce any lustre, and no transpa- 
rency, or, scarcely 1, and whose specific gra- 
vity was 2,267 ; its colour between a mountain 
and an olvive green, and exhibiting curved la- 
mellar concretions, melted at ISO^ into a fine 
synall-pi^ed white enamel. This seems allied 
to felspar. 

3d, Another of Leske, G. 251, brick red 
Itmb Misnia, in Saxony, which had but little 
l«istre, and scarce any transparency, whose spe* 
cific gravity was 8,730. Its fracture uneven 
9mi qilintery, did not melt at 160^, but re- 
maioefl a loose brownish red powder. Is it not 
radher an iron shot qttartz ? 

4th, Another of Leske, S, 296, pearl grey, 
nrach rese n ibliu g porcelain jasper, its lustre be- 
in^ ttlky, whose specific gravity was 1,970, dc« 

Tox.. I. 8 crepitated 
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crepitated strongly when heated, then whitmed, 
but at 149o it remained a loose powder. 

5th, Another of Lieske, S. 949, yellowish 
brown, and semi-transparent. Its specific gra^ 
vity, 2,366, at 152o melted into a white small- 
pored porcelain mass. 

The different degrees of fusibility arise from 
the different proportion of its ingredients, or its 
mixture with extraneous substances. 

Mr. Weigleb found in that of Saxony, of a 
dull brown colour (probably 873 O. of Leske), 
0,73 silex, 0,18 argill, 0,058 iron, the remainder 
water and air. 11 Neu. Entd. p. 18. Mr. 
Mayer of Stettin, found the same ingredients, 
and nearly in the same proportion, in the greyish 
black) besides water, and some traces of sal- 
ammoniac. 2 Crell. An. 1784, p. 125. 

Mr. Gmelin, in a kind of pitchstone stuck in 
basalt, found 0,90 silax, 0,07 argill, and 0,026 
of iron. 1 Chy. Ann. 1791, p. 301. 

Mr. Klaproth, in that of Mesnilmontant;, 
which was of a reddish yellow colour, and 
whose specific gravity was 2,1685, found 0,855 
of silex, 0,1 argill, and 0,005 of iron, of calx 
and magnesia 0,005, water inflammable matter 
and air 0, 11 . 

The greyish black of Hungary were found 
infusible by Mr. Ruprecht : they decrepitated 
and whitened like that of Leske, 295 S. aboye* 
mentioned, and afforded him 0,91 silex, 0,08 
argill, and some traces only of iron and inflam- 
mable matter also, for they slightly deflagrated 
with nitre, and render the vitriolic acid somer 
what brown*. 



Ml 



* Phys. Arbeits. 2 Stuck, p. 5S. 

In 
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In another pitchstone^ found near Ffank- 
fort on the Maine^ whose €olour was nut brown; 
and which was in some degree magnetic, and 
infusible in a porcelain heat, Mr. Weigleb 
found 0,8958 silex, 0,05 iron, 0,0333 calx, and 
0,0041 argill. I Chy. Ann. 1788, 398. 

From all these analyses it is plain, that opali 
and pitch-stones consist essentially of silex, with 
about from i to -^ of argill, and some water 
and inflammable matter. If to these, when the 
argill is about rr of the whole, 5 or 6 per cent, 
of iron, be added, they become fusible, other- 
wise not. The opals scarcely contain any iron^ 
and therefore are infusible at 168^. 

It is remarkable that these stones difficultly 
giTe fire with steel, and yet are more difficultly 
scratched than many that do. 

They are often found in a state of decompo^ 
sition. 

Their transitions are into hocnstone, jaspec, 
and I believe sometimes into felspar. 

4:th Familjf.-^'Ligniform Opal, or Pitch- 
stone. — Its colour are, milk white, reddish or 
Jrellowish white, or yellowish grey, nut or vel- 
owish brown, or ochre yellow, or hyacmth 
red, or greyish black ; these colours are scarce 
ever single, but generally in difl^ercnt stripes in 
the same mass. 

It occurs in large masses. 

Lustre, 2.3, waxy. Transparency, ] .0 ; sel- 
dojn, 2. 

Longitudinal fracture, fibrous ; cross frac^ 
ture, conchoidal ; fragments, oblong. \ 

It will not give fire with steel, and yet can 
scarcely be scratched. Brittle. 

Its specific gravity, from 2,08 to 2,L 

s2 Of 
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Of Hi/drophanes. -^Such opaqtie stones^ » 
bMome traaspunent by placing them in ivater^ 
tr« cdil^d hffdrophanei. These are for the 
molt part semi'OpaU or pitchstoKs, and pai^ti-^ 
attlttriy tbose Uiat are eomewfaat withered hj 
txpo^uu! ta the attiiMpheye ; tbey gemefally 
aiibere to the tongue. 

Mr. Klapr6th^ having dtkiiled Mine of those 
«f Sax«tty^ obtained from tbem 9^ per cent, of 
watirr^ inflammable mattat and air^ 93 per tent. 
sf cilex, 1 of argiJiy aad no ir^^n*. 

Mr. Wdgleb'4 anal} tis giTes pretty ne«rly the 
mae eontentsf ; but Mr. Mayer fouad socne 
that coDtained a larger proportion of argill^ 
aind wfDC ivoa;{;, as did Mt. Gerhard ||. It seem» 
|Jm cevtaiA wsA some of theie stones attca<t 
moisture whea exposed to the atmosf^ere, for,, 
they increase in weight ^^ and some eren burst. 
Other stones are often hydrophanous^ as steatites* 
aa4 cal^doay^ 2 Bergtn. p. 70. 

28th Bpecies. — Hijaiiier Muller'^s Glass of 
the Germans. Lavis Glass qf many.-^Its co- 
IpUfj puM white. 

Its lastfe^ 2.3. Glasty. TraaspareiKyr S-3^ 
rarely, 0. Voight Fulda, 171. 

It occurs most frequently in basalt^ or trapps ; 
«ith^r w graias^ or in masses inclining to a 
rhom1)oidar fornix or in filaments. 

Its fractuVe even, inclining to the coachoi-^ 
4al ; but, on) tlie whole, often lamellar. 

Hardness, 9. Specific gravity, by my trial, 
2J10. 

* I Chyin. Aon. 1750, p. 53. 
t I CLym. AuB. jf«9, p. 402. 

I Naturfonch. 19 Stuck, p. 220. 

II aGeach. v. 4Ga. 

i aChyaj. Ann, 1784, 193. 

It 



ft i« infusible at 150o^ but yul\A$ to miaerM 
alkali. 

By the analysis of Mr. Link it contains 59 
|>er cent silex^ 18 aigil!, 15 caW, and ?eff 
little ifon,' he does not tell us wttat were t\m 
other ten ]>arts. 

In compositioii then it nearly agrees with 
those atones wbtch Mr, Bergman and others 
liave called seolites^ and I have called sedelites ; 
and yet no one has hitherto considered Muller'a 
glass as zeolite; but many lu^e taken it for 
calcedony, though it wants the blntah colour 
-of this sort of stone ; many also for an ofial^ 
but its lustre k very different, and many, parti-» 
<ularly when it is rbomboidal and foliated^ for 
f&Is^ar^ from which, when buried in other stones^ 
it is difficitlt to distinguish it. Mr, Werner^ a^ 
I hear^ now considers it as a middle thing be« 
tween opal and calcedony, and calls it hyalite. 

It has lately been found in Serpentine^ near 
Swentick^ in Silesia; Ferber Briefe^ 40. 1 Nose, 
1i5| ; and therefore cannot be a volcanie pro- 
duction^ as many, notwithstanding its infusi* 
Wlity, have supposed it. 

2$lfc Speriis. — Cidcedanjfr — Of thia species 
I distinguish two families ; common caIcc^ony> 
or calcedony simply so called, and camriian. 

Is^ Familjj .-^Caleedofiffy or Common Ca£«- 
rtifony *.*^It9 colours are various, but mort ge» 
nerally greyish ; as yellowish, greenish, bluish^ 
and pearl grey; or bluieh white. This laist 
often passes into blue, or violet blue, as the ^at 
dteea isto honey yellow, or blaekiah brawn. 
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It is also' found milk whitCy and then called 
cacholong, very rarely grass g^een^ or moun-> 
tain green, or flesh red, or dotted with red ; 
often with many colours in the same piece, 
either in stripes, or spots, and with arboriza* 
tions ; when the white and black or brown stripes 
alternate, it is called onyx, or camehuya; if 
the white and grey alternate, calcedonyx. Tjiie 
grey when they present arborizations are called 
mochos The blackish or dark brown, being 
held against a strong light, appear dark red. 

It occurs, in amorphous pieces, often flat, 
eftener blant, and somewhat rounded, or stalac- 
titic, or in nodules, or cellular, and lately also 
Crystallized in hexahasdral or quadrangular 
pyramids with convex planes, or in hexangular 
prisms with a pyramidal apex, or even, as is 
pretended, cubic or rhomboidal*. But some 
assert that these are only investments of other 
crystallized stones that have since decayed ; or 
filiform, tubular, or spiky. 

The surface of this stone is generally rough 
and uneven, often tuberose and botryoidal or 
invested with drusy quartz, yet sometimes even 
and smooth. 

Its external lustre fortuitous. Its internal, 1 . 
Transparency, 2.3, rarely 1. 

Its fracture even, often inclining to the con- 
choidal, more rarely to the splintery. Some- 
limes intermediate between the even, splintery, 
and uneven. Fragments, 3. Commonly with- 
out any separate concretions, sometimes with 
thin, or thick, curved, and mostly concentric 
lamellar distinct concretions. 

Its hardness, from 10 to 11. Specific 



* 1 Chym. Ann. 1/85, p. 480. Nov. Act. Petrop. 1785, 
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tity, from 2,60 to «,e65. Mr. Bergman was 
induced by Muschenbroek to suppose it might 
extend to 4,36, which is impossible ; but it is 
frequently found much lower than 2,6; namely, 
when the calcedonies are hydrophanous. Hence 
Mr. Brisson found one of these 1,0942, and 
others 2,29. This is the stone called oculus 
mundi. This difference arises only from the 
small pores into which water cannot penetrate. 

The blue he found to amount to 2,5867.. 

It is infusible per se, even by a burning glass, 
but by pure air it is, though with difficulty, 
converted into a white semi-transparent enamel. 
. Mineral alkali melts it with effervescence, bo- 
rax without any, and microcosmic salt scarcely 
affects it. 

By Mr. Bergman's analysis, the calcedonyof 
Feroe contains 84 per cent, of silex, and 16 
of argill, slightlv contaminated with iron. 2 
Bergro. p. 60. By that of Mr. Bindheim, 83,S 
silex, 11 calx, 1,6 argill, and a minute portion 
of iron. 3 Naturforsch. Freunde, p. 429. 

It sometimes decomposes by exposure to the 
air ; I have often seen its surface fretted and 
porous, with an earthy and ochry powder. 

Its transitions are into opal, flint, quartz, 
jasper, crysoprasium, and felspar. 

2nrf Family, "^Camelian. — Its colours are of 
various shades of red, from the deep blood red 
to the lighter, almost white, or reddish brown^ 
or honey or wax yellow, or yellowish broWn] 
and often these colours or shades occur in -the 
same mass, either in gradation, or stripes, or 
spots. 

Amorphous, or in blunt or somewhat round- 

8* ed 



ed masees^ .with r^ugh « uoeYM •uf^Kes^ cfe 

9taUctitic. 

Its lustre, scarcely 1. TravspareDcy^ 3«3Jj, 
often cloudy, 

Its fracture coochoidal. FragmAts^ 3. 

Hardness^ 10. Specific gravity, from %b97 
toS/3. 

It is infusible^ but loses its colour at 160^3 
nor even by pure air is it melted as perfectly aa 
calcedony is^ nor in a chalk crucible in those 
parts that touch the chalk as calcedony is. 2 
Gerh. Gesch. 10. But by the u^ual Auxea it is 
affected nearly as common calcedony. 

Some consider it as a compound of jaaper 
and calcedonian. 

Some are found partly withered by eitposUM 
to the air/ particularly the stalactitic. 

It sometimes graduates into quarts, 

SOth Species,— Cat's Eifc— Its coloyr is m^ 
nerally ox a greenish or yellowish ^rey^ or lights 
or darK yellowish brown, or reddish brown, or 
striped with these colours ; andj inc^rtain posi- 
tions^ particularly when polished, emitting n 
silvery or yellowish moveable effulgence. 

It IS found in blunt or rounded fragmeots, 
find comes from Ceylon. 

Its lustre^ S. Transparency, 3.2. 

Its fracture imperfectly conchoidal, some* 
titties approaching to the splintery. 

Fragments, 3. Hardness^ 10. Specific gra<- 
yity, from 8,56 to 3,66. 

Slst Species, — Flint. Feuer Stein, of ih^ 
Germans, — Commonly of a yellowish, or bluisli 
erey colour ; the latter^ however^ oAen passes 

into 
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into- )1m fftejUb blacky add the fornier into the 
ochro verkm> or brown. Several of these oftea 
meet m the same specimen^ either in veins^ 
"" stripes, clouds, or dots. 
• Amorpbouft, interspersed in other stones, or 
in nodules, or rounded lumps, often perforated. 
Very rarely erystallixed, in double triangular 
pyramids ; often also forming the substance of 
petrifactions, particularly of echinites. Its 
aurfaca generally uneven and wrinkled, eitbef 
smooth or rough, often covered with a rind, 
titber calcarouft or argillaceous* Its external 
lurtre, or 1 . Internalj I . Transparency, 2. 1, 
sometimes nearly 3. Fracture concboidal, seU 
dom imperfectly. Fragments, 3. 

HardaesBj from 10 to 11. Specific gravity, 
from 3,58 to %68. 

Heated, it decrepitates, whitens, becomes 
brittle, and opaqtie, ia infusible at IGS*", aad it 
barely aoftened by pure air; the usual fluxes 
affect it as they do quartz. 

The 'iapressioofl of marine shells, and even 
of leaves, are frequently found in flints, whicli 
leaves no doubt of their having been produced 
in the moist way, and even that some are of 
nodetn formation*. 

According to Mr. Weigleb's analysis, they 
eontaia about (KSO silex, 0,18 argill, and 0,OS 
icalxf. 

Its tvafljsitioos are into quartz, calcedony, 
earaeUan, and borastone* 

It is frequently intimately mixed, not onij 
with quartz or calcedony, but even with caU 
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* Cliaiffflat. Min. Gecgiaph. ^ 40, 66. Leske Reise 
dtirch Sacks. F«3i:b. Oiydogr. von Dexbjrak p* i6. l 
jNaturfor. Src. 

f 6 N. Acta. Natiff. Cuxioia, p. 400. 
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careolis earthy or calcareous spar> as niay' be- 
seen in Leske's Catalogue. Specific gravity^ 

32nd Species. -^Hornsione. Hornstein of the 
GermanSy Petrosilex, Chert, — Its colour com- 
monly dark blue^ yellowish^ or pearl grey^ some* 
times yellowish white^ fleshy or brownish red^ or 
mountain blue^ or blackish brown^ or greenish 
brown, or dark green, or olive green, often va- 
riegated . 

Amorphous for the most part, but lately found 
crystallized by Mr. Beyer on Schneeberg, either 
in hexaha^al prisms, some with, some without^ 
a pyramid, or barely rounded at both ends, or in 
Rouble triangular pyramids, or cubes or bexa- 
hsdral plates, the surface of these crystals 
mostly rough and uneven, some hollow^ some 
solid, sometimes as thin as paper*. 

Its lustre, 0. Tramparency, 1 .2. The crys- 
tallized, sometimes 0. 

< Its fracture generally splintery, mo^re rarely 
eoncboidal, sometimes from the fine splintery 
passing into the even, but of a coarser grain 
than flint. Fragments^ 3.3. 

Hardness, from 7 to 9. Specific gravity from 
3,632 to 2,653. 

. Though Mr. Bergman counts this stone 
among those that are fusible per se, even by a 
blow-pipe, yet, in the many trials I have made 
in a much superior heat, I found but one which 
gave any sign of fusion; but most frequently 
decrepitate and whiten. 

1st, The blackish grey, Leske^ K. 48, with 
some mixture of arsenical pyrites, whose frac* 

* 2 Crell. Bcytr. p. }Ql. 3 Helyet Maga. p. 25 J . 

ture 



HORNSraiiE. ^T 

tiare is splintery ; its. specific gravity, 8^,744, 
probably from the pyrites, and opaque, barely 
concreted at 140*"/ but shewed no other sign of 
fusion at 163o. 

• 2nd, The grey homstone, Leske, K. 383, 
whose fracture is fine splintery; its specific gra- 
vity, 3,654, whitened and barely coalesced at 

3d, The yellowish white hornstone, Leske, O; 
441, whose fracture is fine splintery, and its 
specific gravity, 2,563, whitened, but gave no* 
sign of fusion at 155^. 

4th, A bluish, and . partly yellowish grey 
homstone, mixed with jasper, Leske, O. 442; 
its fracture, partly splintery, and partly inclin- 
ing to the flat concnoidaV, vwhose specific gra- 
vity is 2,626, whitened, but did not yield in the 
least at 151^ 

5th, A dark purplish red iron shet hornstone, 
Leske, 6. 61 ; fracture, fine splintery, and nn 
even ; specific gravity, 2,688, barely agglu- 
tinated into a dark grey mass at 147,5. 

6th, But a greenish, white hornstone, with 
reddish spots, from Lorraine (given to me by 
Mr. Woulfe), whose specific gravity i& 2,532; 
fracture conchoidal, semitransparent at the 
edges; lustre, 0; fragments, remarkably sharp ; 
hardness^ 10; wKitened, and. became brittle at 
127^ ; and at 144^, melted inta a semitranspa- 
rent compact enamel. Mr. Saussure found the 
hornstones of Switzerland in general infusible ; 
and oaly those lying in calcareous strata, t^ l>e 
infusible in a high degree of heat. 

7th, I found also another hornstone fusible, 
but it is iron shot, Leske, S. 831 ; outside it 
ba« a brownish red rind, but inside, its colour is 
bluiah grey ; its Iraeture, uneven and splintery; 

Its 
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it! specific grayity 3^13. At 14fr», it meltsl 
into a black cowpact ghiss. 

Tbe hMMtone I iormerly analysed is tkat. 
mentioned at No. 6. It contained 72 per eeirt. 
silex^ about 22 argill^ and about 6 of mild cal- 
careous eartb, or rather more ; and, I heliere, 
rather lest argill, if this were sufficiently driod. 
The infusible hornstones probably contain aa 
eilx, or less. 

Homstooes are frequ^tly foond in a state of 
deccHBposition. 

Its transitions are into flint, cibloedony^ cryso* 
pr^siunky jasper^ quartz^ opal^ stliceoue shistus^ 
'Mgillite^ sandstone^ anderen into granular line- 
stoae, and indurated clay. 

Horastoue differs from ja8pers> often by its 
qilintery fractu re ; always by its transparency 
though imperfect^ and want of lustre ; firooa 
flints^ by its fracture, duiness, and hardness ; 
but when its fruture happens to be oonchoidsU 
by itsduhiess, lesser transparency, and hardness; 
from quartz, by ita dulness and inferior hard- 
ness; fr#«i serpentHe, gmetally in hardness, 
specific gravity, and fufii)iHly ; fren helio-> 
tropium^ by tbe aggvegate of iiisr properties. 

2nd Famlh^.-^Shistem H^rnstone.-^Schie^ 
friges Hornet ein. Voigitt Abhand. p. 81.— 
Of this I distinguisb tbsae Tatieties ; siliceous 
sbistus, lydian stoate, oad hbrnskte. 

Ia# Variettf. — SUiceouB Shisius, Gemeiner 

Kiesel Schiefer «►/ IF(prner.---Datfc bluish grey, 

or greyish klaek, mostly intersected with red* 

dish veins fron iron. The bkiisb grey often in^ 

tereepts a whitish earth between its lamiiM. 

I/Htlre, 0. TraaspaxcDcy, 1; orO. 

Frscture, 



Practnre^ ia the grMt, daty ; of the utigle 
plates^ fine splintery. Fragments^ 3«3. 

Hafdneu, from 9 to 10. Specific giatity^ 
from 2,596 to 2,641, by my trial. 

The greyish black, Leske, O. 601, whose spe- 
€iic gravity was 2,641, k^eaiiie grey when 
heafea, Ibat was net otherwise altered by a heat 
of Idfio. The hlttitli grey, Leske, O. 602, whose 
specific gravity was 2,d96» grew whiter^ 
coalesced, Irat did not melt at 141^. 

The gveytsh black is that which was analysed 
l»y Mr. Wetgleb, as it seems ( though he calls 
it coal black ), aad found it io contain 6,75 silex^ 
OJO calx, 0>046 flsagnesiii, 0,085 iron^ and 
OX)58 inflammable soatter, which appears to bo 
gmmiBecoal*. 

This stone •cauDort be the slaty peteosilex men* 
tioaed in 2nd Sauesure, as it cositains no a^ill. 

Its transitions are into quartz> hornstooe, ar- 
giUite, and coticular slate. Sometimes it is so 
mixed with argill as to seem to pass into it, as 
in Ledte, 6. 154. 

It seems to be nothing more 'than a slaty, and 
at the same time riAy, horastone; the rifts lined 
^th calx of iffoo. 

2md Variitgi. — BasaniU. Lgdian Stone of 
Werner. JBimck Juper of scAfne.^^lU colour, 
dark greyisb idack^ fro^ncatly iotersecled witk 
veins of quartz. 

It is gcDemUy fiMad in Uunled firagmessla in 
the beds of rivefs. 

Lustre, scarcely 1 . Transparency, 0. 

FiacUire mosritevep» sometimos snclsning to 
tiK^ooaciioidal. rragments^ 3. 
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Hardness^ 10. Specific gravity^ 2,596. 
When pounded^ its powder is black. 
Heated ty 164^5^^ it remained blacky and 
shewed no sign of fusion. 

3d Variety. — Hornslate, of Charpentier and 
Voight. Shistose Porphyry of Werner. — Its 
colour is greyy of different shades^ from the ash, 
to the bluish^ or olive green. As this grey con- 
sists of two colours, the white and blue, the 
stone itself is looked on by Mr. Werner as an 
aggregate, and the white he considers as denot* 
ing felspar ; and hence he calls it a porphyry ; 
and^ because it is slaty^ shistose porphyry. How-, 
ever, the felspar is often so minute, that it can 
Y scarce be distinctly perceived ; and in such 

cases the stone may be placed here, and hot 
among aggregate stones, and may be called 
hornslate. 

In the bluish the distinction of blue and 
white is most perceptible. 

Generally amorphous, and in large massea> 
sometimes columnar. 

Its lustre, mostly 0; yet in a strong ligbt 
a few shining particles may sometimes be per* 
ceived. Its transparency, 1.0. 

Its fracture, on the whole, slaty, but of the 
single lamins, which are often very thick ; the 
fracture is uneven, splintery, and sometimes ap- 
proaching to the conchoidal. 

Its fragments, 3.3. Hardness, nearly 10. 
Specific gravity, from 2,512 to 2,700, by my 
trials. 

The specimen in Yoight's Catalogue, marked 
55, and in Leske's^ S. 645, which is ash grey; 
and whose specific gravity is 2,5122, meliMLat 
145^ into a darkgrey^ almost compact enamel. 

The 
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The speciHiea, Leeke^ S. 937^ which is bluish 
^rey^ and in the form of a quadrangular prisnij 
Its specific gravity^ 3,693^ melted at 1660^ into a 
greenish yellow spongy mass. 

By Mr. .Weigleb's analysis^ the ash greyi 
Voight 55^ con tarns 0^73 silex^ 0^239 argill^ and 
0,035 iron*. 

As the term hornslate, or hornahiefer , has 
been applied to various sorts of stones, Mr. 
Hoepfper, of Switzerland, generously offered a 
premium to the person who should clearly as- 
certain its present signification : satisfactory anr 
^ swers were accordingly given by Messrs. Kar- 
r sten and Voight. By these it appears. 

That Wallerius applied this name to horn- 
blende slate, or shistose hornblende. 

Ferber, partly to micaceous argillite, and 
partly to shistose mica, in which he is followed 
by Baron Born and Hai dinger. 

Leske, in his voyage through Saxony, often 
calls our stone horn porphyry. 

Werner first called it as * Charpentier and 
Voight do, but afterwards bestowed this name 
on lydian stone, as some others had done before 
him ; but now he drops this name entirely, and 
calls our stone shistose porphyry. See Leske, 
S. 1763, and 1811. 

It seems also the stone mentioned. 2 Saussure 
^ 673, is our homslate. 

The bluish grey often passes into trapp, or 
basalt, or into argillite, as in Leske, S. 1639. 

Its chief distinction from siliceous shistus 
consists in its fusibility. 

S3d Speties.-*- Jasper. — Of this species I dis- 

, -~*~^-~— ^— — ^— — ^-^~— ^^— — ^-^*^— 't 

« 1 Chym. Ann. 1787^ p. 302. 
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Ckiguisli four families^ ooimncni ja^r^ Mgyp^ism 
pebble^ striped jasper^ and sinople. 

Ist Familff. — Commxm Jasper. — lU colotm 
•re milk wbite^ or greyish iirhite, or yellowish 
white^ citron^ Isabella^ honey or ociVre yellow^ 
brbwnish yellow, brick, cochenille or blood red, 
brownish dark red, yellowish or reddish brown, 
liTer brown, or blackish brown, or oliTe^ canary, 
or dark green (blue or black it seems hate not 
.occurred*) ; or variegated, spotted or veined 
with many of those. 

It is met with either in large masses, or blnnt 
detached fragments. Mr. Gerhard tells ns, he 
has found some irregularly crystallised, in hexa- 
haedral prisms, among the fossils sent to htm by 
Mr. Beyer from Bchneeberg. Qerh. Gmndriss, 
S8&. And Baron Bom mentions some found in 
the Palatinate. 1 Raab. IS6. 

Its lustre, 2.1. Its transparency €, or near- 
ly L 

Its fracture, conchoidal, sometimes imper* 
fectly, sometimes flatly. Fragments, 3. 

Its hardness, from 9 to 19. Specific gravity, 
from 2^58 to 2,7. Mr. Brisson, indeed, men- 
tiom some whose specific gravity is but 2,358, 
and others, whose density extends to 2,76 or 
2,8 ; but, as he tells us, jasper scarce ever dis- 
covers any lustre in its fracture, it is probabte 
he does not always comprehend in his idea of 
jasper, the stone here described. The heavief 
tort seems evidently contaminated with metallic 
particles. 

It does not decrepitate when heated ; jaor in 

* That m e uticm edby Lasha> Hartz, lOCj lecms Hot tot>e tnie 
jasper, its specific franrityte«ig€ofy ^fi09* 

my 
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tny etperimeiits did it harden. The dark co^ 
chenille red, mixed with hrick red, Leske, O. 
823, whose specific gravity was 2,6288, and its 
hardness 10, heing heated to 157,5^, gave fire 
more weakly, and thence seemed less bard, lost 
its colour, having turned to greyish black, and 
shewed no sign of fusion^ -Another specimen 
of a lighter red, somewhat^mixed with quartz 
and calcedony, whose specific gravity was 2,597, 
being heated to 156<>> acquired the same colour 
as the former^ did not harden, nor in the least 
incline to fusion. Alkalis and microcosmie 
s%lt difficultly fiux it; borax better, and with- 
out effervescence* 

Even by pure air jasper is scarcely, and but 
imperfectly^ melted, as .appears by the expe- 
riments of Mr. Lavoisier. It discovers no 
metallic mixture ; its colouring matter is ra- 
ther volatile ; and its low specific gravity shews 
it contains no iron. Asj however^ Mr. Ger- 
hard found it to yield in a chalk crucible, in 
the parts that touched the chalk, it is probable 
it contains a small portion of argill, with a 
much larger of silex. Unless very impure, it 
does not wither by exposure to the air. 

Its transitions are into hornston^> opal, ar-» 
gillite, and lithomarga ; it is often intimately 
mixed with calcedony. 

The liver brown stone of Leske, O. 836, 
being destitute of lustre, I reckon a bornstone. 
No. 817 O. of Leske, is by Karsten reckoned a 
jasper, yet it has all the appearances of pitch- 
stone ; its specific gravity is only 2,442, which 
marks it decisively a pitchstone. 

m 

2nd Familff .-^jEgtfptian Pebble. — This stone 

presents various colours together in the same 

VOL. I. T specimen. 
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i{iecfi|ie9> either in regular^ or iftc^ulifv c^fBtr 
GQDtric and alternattng stripes^ or layers^ er ia 
4Qt8. and deadritical figures. The moat i\tuikl 
colours are the yellowish, and li^er brown^. 
reddish browD> Isabella yellow, yellowish grey^ 
gffiyi$h, or reddish white, milk white, leek 
greep, and black; this last onl^ ia dots and 
i^dritical figures. It is found in aphepoidal, 
or fli^t rounded masses, which are inveloped is. 
9^. coarse voMgh crust. 

Its internal lustre, 1 . External, 0, Its trana- 
parency, 0. 

Its fractured conchoidal. 

Its hardness, 10. Its specific gravity, %b6A. 



Found principally in i^gypt, sometimes im 
BiUrope, particularly in Lorraine. 

Sd Family. — Striped Jasper, Band Jasper 
of Werner. — This stone also presents difi*e- 
Fent colours in the same specimen, generally 
in straight, more rarely in curved concentric 
stripes or layers. Seldom in oblong spots. 

The most usual colours are yellowish, or 
greenish grey, ochre, and Isabella yellow,, 
brownish red, pale or dark flesh red^ mountaia 
or dark green. 

It occurs in large masses. Lustre, 0. Tran»* 
prency, scarcely I. 

Its fracture imperfectly conchoidal, or nearly 
even. 

It» hardness, from 9 to 10. Specific gravity^ 
from 8,5 to %S». 

4th Familtf. — Sinople. — Its colour dark red. 
Its Iqstre, 0. Ti^oqpar^My, 0. 
Its fracture^ uaporft^tiy eonchQidal. 
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Its bardotss, from 9 to 10. Specific gra- 
tity, 3,691. Brisson, p. 130. 

It is said to eonUin 18 per cent, of iron. 1 
Raab. p. 135. Yet, if so, it shoald be much 
beavier. 

A red' hornstone is sometimes knovn under 
this name in Hungary. 

94^h Species. — Porcellanite, Porcelain Jas-^ 
per of Werner, — Its- colours are pearl grej, 
lavender blue, pale blue, pale yellow, greenish 
yellow, brick red, with pearl grey, or greyish 
black*. 

It is found in large masses, frequently rifty. 

Its lustre, from 1 to 3. Transparency, 0. 

Its fracture, imperfectly conchoidal, mclin- 
ing to the even. Fragments, 3.3. 

Its hardness, 9. Its specific gravity, 3,S3, 
by my trial. 

The specimen of Leske, K. 33, melted at 
151^ into a spongy, yellowish grey tumefied 
semi- transparent mass. Hence I consider it as 
specifically different from jaspers. The colour 
of that I employed was lavender blue, aad 
seemed perfectly pure. 

Mr. Peithner called it porcellanite, which 
■ame should be continued, not to confound this 
stone with genuine jaspers. 

S&th Species. -^Heliotr opium. — ^Its colo«r is 
generally intermediate between grass and leek 
green, sometimes dark moimtaia green, some* 
times lighter, or approaching to a blacktsk 
green, and mostly dotted or spotted with olive 
green, ochre yeUow, or blood red spotsof jasper. 

Amorphous. 
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Lustre^ LO. Transparency^ 2.1/8oinetiiiie» 
scarcely 1. 

Its fracture conchoidal, sometimes flat or im- 
perfect, or mixed \?ith the coarse splintery. 

Fragments, 3. . 

Its hardness, from 10 to 11. Its specific 
gravity, 2,62 to 2,7. 

In Mr. Lavoisier's experiments, it was scarcely 
melted even by pure air. In mine the dark 
green of Leske, O. 580, whose specific gravity 
was 2,681, became reddish brown at 114^; at 
142^, its fragments slightly agglutinated. 

This species is evidently nearly allied to jas- 
per, and often differs only by the aggregate of 
its properties ; its fragments sharper^ and ita 
transparency often much greater. 

36th Species. — Woodstone. Holzstein of 
Werner. Lithoxylon of ot/i<?r«*.—r-Its. colour 
is generally blackish, or bluish grey ; the former 
frequently passes into the greyisj^.black, and 
the latter into the greyish white ; and this, from 
the light reddish grey, into the blood or co- 
chenille red. Seldom ochre yellow, or mountain 
green ; sometimes reddish, or yellowish brown. 

These colours most commonly appear. toge- 
ther, in spots, blotches, or stripes, in the same 
specimen . 

It always manifests its pristine state, either 
by its branchy form, or its knots or roots. Its 
surface, like that of the wood from which it 
originates, sometimes rough, sometimes uneven; 
sometimes coarsely streaked in the direction of 
its length. 

Its internal lustre, 1 . Its transparency, 1 .2. 

Its fracture, conchoidal ; sometimes imper- 

* Bcrgm, Joum. 1788, p. 289. 

fectly. 
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fectlj^ or approaching to the fine splintery, 
sometimes slaty ; and generally by its inter- 
laced fibrous structure, discovers its origin. 
Its fragments, 3. Often splintery. 

Its hardness. 10. The specific gravity of 
different specimens vfhich I tried extended 
from 2,045 to 2,675. 

It is commonly (not always) the substance 
of petrified wood. A stump of a tree six feet 
in length, and as many in diameter, with roots 
and branches thus petrified, was lately found 
near Chemnitz, in Saxony. 
* It often withers by exposure to the amo 
sphere. 

Its transitions are into quartz> calcedony, 
and, as some say, into pitchstone or opal. 

S7th Species.-^ Blasted Quartz. — Its colour 
is greyish white, covered with thin scales of 
grey, or brownish mica. 

Its lustre, 0, or I, from a few micaceous par- 
ticles dispersed through it. Transparency, 1. 

Its fracture I could not well discern, as I was 
not at liberty to break the specimen ; but from 
a small accidental fracture, it seems earthy. 

Its hardness, 9. Brittle. Specific gravity, 
according to Mr. Gerhard, Mem. Berl. 1783, 
p. 107, is 3,750; but his stone must be very 
different from that possessed by the Royal Irish 
Academy ; the specific gravity of this being 
only 2,624. 

Flexible and elastic in a moderate degree in 
every direction. 

Phosphoresces when scraped with a knife in 
the dark. * 

. According to Mr. Gerhard^ it is no way al- 
tered by a heat of 140^ ; but by fixed alkalis 

t3 it 
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it ifi easily fusible. According to Mr. Ehrttan^ 
it is by the hett of pure air converted into a 
semi-transparent gl tss. But Mr. €krhard tells 
us^ he exposed his to that heat for seven minutes 
"without any effect. 

By the analysis of Mr. Klaproth it contains 
0,965 silex, 0,025 argill, and 0,01 iron. 

By that of Mr. Gerhard, 0,92 silex, 0,03 
argill, 0,02 calx, and 0,01 iron. 

Baron Trebra found a flexible sandstone in 
Thuringta. 

38th Species. — l^c/spar.— Of this fossil there 
seems to be three families ; common felspar, 
moonstone, and continuous felspar. 

1st Family. — Common Felspar, or Felspar 
simply so called*, Sp^ih fusible ofDesmaretz, 
Spath Etinulanty Spaihum Pyromachum, — 
Its colour is most commonly flesh red, some- 
times bluish grey, oftener yellowish white, or 
milk white, or brownish yellow, rarely blue, 
or olive green; and lately, in one instance, 
black. 2 Sauss. 

Amorphous and interspersed, sometimes crys- 
tallised in rhomboids, or six or eight sided 
prisms; seldom right angled; very seldom in 
pellucid needles, tables, or polygons. 

Its lustre when broke across, ; in other di- 
rections, 2.3.1. Its transparency, 2.1. 

Its fracture discovers a straight foliated tex- 
ture. The lamells polished, and shining often 
on four sides, cross fracture uneven. 



* This same seeing to me derived from fels, a rock 5 it 
being commonlv found in granite»> and not Irom fdd, a tield : 
sfid bsnce I wnte it thus, felspar. 

Its 



Its firAjgmettts rhomboidal^ or tetidiiig to that 

Ibrtiu 

It generally presents granule distinct e6n- 
^retions, either large or small. 

Itft hardness^ from 9 to 10. Its specific g;ra- 
Tit j3 flrom 2»437 to 2,600 ; the greenish »e«m 
«o extend to d,70. 

the yellow felspar of Port Fran^ois^ in North 
America, is «o brittle as not to bear the slightest 
friction ; when heated it becomes red. 31 Roz. 
Journ. p. 156. 

When heated, the crystallized frequently de- 
crepitate, a quadrangular prism of crystallized 
felspar of Baveno, of a reddish white colour^ 
and whose specific gravity was 2,437, melted 
at 130^^ into a grey semi-transparent porous 
glass, and at 154^ into a compact semi-trans- 
parent glass. Another from Silesia, which was 
Qtft crystallized^ and whose specific gravity 
was S,564, and of a grey yellowish white co- 
lour, melted at 1 19^, into a grey, smooth, almost 
cDmpact, Semi-transparent glass ; and being 
mixed with. an equal Weight of Carrara mar- 
ble, it melted at 105^, into a white opaque, 
almost compact mass of a silky lustre. The 
green becomes pale reddish when heated. 

Alkalis flux this stone with great difliculty ; 
microcosmic salt (and particularly borax) is 
more eflfectual. 

According to Mr. Gerhard, the purest felspar 
found in granites contains 0,40 silex, 0,30 ar- 
gill, and 0,06 calic. Here 0, 18 parts al'e missing, 
a loss too great to be imputed to the escape of 
4ir and Water. Mem Berl. 1783, p. 119. 

Mr. Weigleb, iil 100 pattd of the reddish 
felspar of Geyer, found 65 silex, 32 argill, 
1,66 calx of iron, and 0,0062 of fluor acid. 

T 4 1 Chym. 
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) Cbym. Ann, 1785, p. 393. This compound I 
found infusible at 155^, therefore it could not 
form a felspar. 

Mr. Heyer, in white felspar, detected 0,74 
silex, 0,30 argill, and a minute portion of iron ; 
the amount exceeds 100. In a red felspar be 
found 0,64 silex, 0,31 argill, 0,06 of iron, and 
a minute portion of calx. 2 Chym. Ann. 1788, 
p. 147. Both these compounds are infusible at 
I50o. 

Mr. Meyer, in white felspar, 0,74 silex, 0,24 
argill, 0,06 calx, and 0,01 of iron ; and in red 
felspar, 0,79 silex, 0,16 argill, 0,023 of iron. 
These compouuds I found infusible at 145**. 
Mr. Saussure, from a semi-transparent greenish 
felspar, separated 0,43 silex, 0,37 argill, 0,017 
calx, and 0,04 of iron. This compound is also 
infusible at 145^. 

Not one of these results exhibits a fusible 
compound ; or, at least, one that would yield 
a white or grey serai-transparent enamel. 

I found crystallized reddish white felspar, 
whose specific gravity was 2,542, to contain 
0,67 silex, about 14 argill, 0,11 of barytes, 
and 0,08 magnesia. Though this result seems 
less improbable, abstractedly considered, than 
any of the foregoing, yet Mr. Dolomieu thinks 
I must have been mistaken, as (according to 
him) barytes cannot exist in the felspar' of gra- 
nites, and no other analysis had discovered it. 
Mr. Hoepfner, however, discovered barytes in 
granite. 1 Chym. Ann. 1788, p. 134. And, 
shortly after, Mr. Hassenfratz, in the felspar of 
St. Yrieux, found 0,70 silex, 0,12 argill, 0,09 
teagnesia, and 0,08 of barytes. 14 Ann. Chym. 
p. 14. Mr. Westrumb also found baroselenite 
in the purest felspar. 

Magnesia 
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Maghesia inras indicated in felspar by Mr. 
Bergman^ Sciagr; §. 130. Though not found 
by many of the subsequent analysts^ it did 
not^ however^ escape Mr. Monnet^ who found 
it jointly with silex^ argiH^ and calx^ in the 
felspar he examined. 13 Roz. Suppl. p. 54. 
Nor Mr. Chaptal^ who observed it to exist in 
greater plenty in Uie red than in white felspar. 

Mr. Fabroni^ who^ happily for Italy^ has 
lately directed his attention to mineralogy^ dis<-. 
covered^ in the felspar of ^Egyptian granite, 
0,55 silex, 0,36 argill, 0,02 barytes, 0,0* 
magnesia, and 0,03 of iron. See Mr. De La 
Metherie's late edition of the Manual of Mr. 
Monger. 

Mr. Scopoli, in felspar of Baveno, found 
0,63 silex, 0,17 argill, 0,06 magnesia, 0,02 
calx, and 0,07 of iron, loss 0,05. With re- 
spect to iron, it is highly improbable that this, 
felspar, which is of the purest kind, should 
contain any. That which appeared may most 
probably be ascribed to the Prussian alkali he 
employed in the analysis. . 

From these different analyses it appears that 
any compound of silex and argill, in which si-, 
lex predominates, and to which a sufficient but 
smaller proportion of calx and magnesia, or of 
calx, magniesia, and barytes, is added to render 
the whole fusible in a heat not exceeding 140^, 
may form a felspar, and will undoubtedly be so 
called, if at the same time it presents a foliated 
texture; but iron appears to be a foreign in- 
gredient. 

The felspar, both in granite and porphyries, 
is frequently founds or at least suspected to he 
the part that is found, in a decomposed or dis- 
integrated state, and is said to constitute in such 

cases. 



r 
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eiMs^ wbm frte frMi iron, * j^rMiMa cky. 
But as this clay is infuiible, vrfaereas felspar il 
«nentiall J fusible^ and as some felspars are not 
in the least injured by exposure to the air^ it 
should seem that the Btoaes> so disintegrated as 
to be converted into porcelain clay^ were not 
originally felspars, but some other speciel of 
stone. I do not> however, deny., that in thi 
neighbourhood of volcanos, real felspars tnay 
be converted into porcelain clays by vitriolio 
fumes^ as the salts that have magnesia or calx 
for their basis^ may be washed away. 

Felspar may also be decomposed whm mixed 
widi irodj or when its texture is loose, but then 
the resulting clay will not be fit for porcelain. 
To remove all doubt, I separated part of the 
White earth of a decomposed felspar, Leske, O. 
907% and found it refused to melt at 130o> but 
formed a porous white enamel at 140>. Hence 
it is really an earth from felspar, though not 
true porcelain earth. 

Its transitions are obscure, and difficultly 
traced, but seem to be into shorlites, calcedony, 
^uartSi Labradore stone, Labradore horn- 
blende, and, perhaps, into pitchstone. By dis- 
integration it passes into clay. 



ly.^^^Moongtone^Adularia of Pint*, 
Its colour white, yellowish, or greenish 
whftt, somewhat iridescent, sometimes reddish. 
Found Cither in blunt amorphous masses, or 
er^staUived either in truncated rhomboidal 
prisms, single or coalited, or in rectangular 
Ubles> or in hczahndbral prisiM bevilled at both 

« Wem.ONMt|iLMl. »4RoK.p.a6a. i BdigUL Jonro. 

ends^ 
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tndS) single or reunited. The surface often 

sulcated. 

. Its extfrnal lustre pearly^ 3. ItB intMiial the 

same. Transparency, 2.3. 

Its fracture straight foliated^ and sometime! 
appears striated. Fragments^ 8. Polished on 
four sides, and rhomboidal. Its hardneM^ 10. 
Its specific gravity, by my trial, 2,559. 

At l/JO^ it melted into a white semitranS|Mt«» 
rent mass, with a Titreous surface ; but inters- 
nally between a porcelain and an enameh 

By the analysis of Mr. Westrumb, ittOtl«' 
tains 0,625 silex, 0,17 argill, 0,065 calx, b,(» 
baroselenite, 0,06 magnesia, 0,014 iron, and 
0,0025 of water. 2 Ghym. Ann. 1790, p. 281. 

Another specimen, less transparent, and som^«- 
what yellowish, afforded him 0,63 lilex, 0,19 
argil), 0,06 calx, 0,0325 magnesia, 0,04 calx of 
iron^ 0,OI5baroselenite^ and 0,005 water. 

Mr. Morell, in another specimen, found 
0,62 silex, 0,19 argill, 0,11 selenite, 0,055 
magnesia, and 0,0l75 water. 2 Helv. Mag. 
p. 95. Neither of these analysts found the 
sparry acid. 

3d Family. — Continuous Felspar, FeUpat 
en Masse, — Its colour reddish grey, or pale 
reddish yellow, or flesh coloured. 

It is found in large maMes, and generally 
mixed with mica or hornblende, and MttieiatMS 
forms the basis of porphyries. 

Its lustre, 0. Its transparency, 1 . 

Its fracture, unequal and earthy, aometiiiiit 
fine splintery. Fragments, 2. Ifideterniitiaiej 
ud without any polish. 

Its hardness, 10. Its specific gMirityj ti<t09j 
in the specimen I tried. 

It 
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It frequently consists of granular concre* 
tions^ easily separable. 

A specimen of this sort^ Leske, G. 233, 
melted at 150° 5^ into a porous porcelain mass, 
glazed on the surface. 

It seems to be the stone called earthy felspar, 
2 Sauss. p. 136, 322, and 596. 

It differs from the amorphous stones of the 
first family in this, that the last has a foliated 
textiire, and more lustre, and the fragments tend 
more to the rhomboidal shape ; and also in fusi- 
bility. 

S9th Species, — Labradore Stone. Ldbra- 
dore Felspar of Werner"^, — Its colour is of a 
light or dark grey, or bluish, or blackish grey ; 
but, in certain positions and spots, reflecting 
blue5 purple, red, green, &c. 

In blunted fragments it chiefly occurs. 

Its lustre, 2.3 Its transparency, 1.2.3. 

Its fracture straight foliated. 

Its fragments, 2. Rhomboidal, i^ith four po- 
lished faces, or tending to that shape. 

Sometimes without distinct concretions ; 
sometimes with large or coarse grained, rarely 
with thick lamellar. 

Its hardness, 10. Its specific gravity from 
2,67 to 2,6925. 

At 130"*, a specimen of the bluish grey, 
whose transparency was barely 1, and its speci- 
fic gravity, 2,672, which 1 had from Mr. 
Woulfe, was barely glazed on the outside; 
and at \bhP the white part separated itself from 
the brown, and was melted. The broi?rn was 
also imperfectly melted into an opaque porous 
brown porcelain. 

* Wcm. Cronst. p. 149. 

From 
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From this difficult fusibility, I conclude La- 
bradore to be specifically different from common 
felspars ; the nature of the brown matter is not 
known, this stone having never been analyzed. 

The green felspar of Siberia, described by 
Mr* Bindheim^ 5 Berl. Beob. p. 107, is evi- 
dently a variety of this species. It differs only 
in the following particulars. Its colour is ap- 
ple green, and from that passes into the verdigris 
green, with white stripes. Its lustre is often 
pearly and iridescent. 2 Chym. Ann. 1792, 
p. 234. 

Its specific gravity, 2,583 ; in every other re- 
spect it resembles the above. When heated it 
loses its green colour, hardens, becomes flesh 
red, but refuses to melt before the blow-pipe. 
Nor have the usqal fluxes much effect on it. 
Hence I consider both as specifically different 
from common felspar and its varieties. 
« Mr. Bindheini found 100 parts of it to con- 
. nst of 69,5 silex, 13,6 argill, 12 gypsum, 0,7 
calx of copper, 0,036 calx of iron, and about 
four grains were lost. 5 Berl. Beob. p. 111. 

40th Species.— Petrilite, or Cubic Felspar of 
Karsten*. — Its colour is reddish brown, or 
brownish red. 

Amorphous. 

Its histre, 2. Its transparency, partly 2, 
partly 1. . 

Its fracture participates of the splintery and 
foliated ; but inclines more to the former. 

Its fragments, 2; cubic, or inclining to that 
form, and without polished faces. 

It seems to consist of^ thick indistinctly sepa- 
rate straight lamellar concretions. 

* 2 Bergm.. Jo|im. 1788, p. 8O9. 

Its 
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Its hatdMfs^ ^. Bvittle. The apeeific le- 
vity of the specimen I ttitA, nvhkli wu that n 
Leske^ O. 907% wns 3^081. 

At 160'> it whitened^ and b«ffely conccetedj 
vithout ftDj farther sign of fusion. 

Heace it is plain it is specifically difercnt 
fironi the other stones hitherto called felspars; 
on this accounts to avoid confoundyig it with 
theii]> I call it petrilite 

4:1 9t Species. -^-FeMte J or com/pact Felspar 
of Widenman * . — Its colour is azure hlue> 
or in some parts bluish vbite^ or pale^ •r deep 
brownish^ or blackish green, or greenish, vi^hite. 

It is found amorphotti, asaociated with, quarts 
and mica ; in larger or smaller vasaea m gia^ 
nite ; the green chiefly in porphyriea. The 
blue was lately discavered near KrteglacK in 
Stiria^ by Mr. Widenmaa. 

Its ]ustre> 1. Ita transparency, warcebc t^ 

Its fracture uneven, yet often afiproachmg feft 
the fine splintery; in some spe c Miene a fine 
foliated texture may> though with some diffi- 
culty, be perceived. 

Its fragments, 2. Indetermioafte. 

Gives a white streak. 

Its hardness, 9. Its specific grav^y aoteon^ 
siderable, that is, does not amount to 4. 

Exposed tQ a l^low^ipe it wfaiteaa aod be- 
comes rifty, but is infusible per se. 

This stone I have not as yet seea^ ot at least 
distinguftihed. 

42nd Species. —'Jbrgent^tiejMsfar, or OctaiM 
J*f«lrt^t.--^lts eolouff white, twa opfiaaile faces 



wrm^mmmimm^.^^f^m^rmmfm^^'me^^tm 



* 1 Bergm. Journ. 1701, p. 345. Andthe noie in p. 346. 
f . 37 Ro2« JoQfD* p. 40« 30 Roc. Joiira* p. 403* 

silvery 
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lUwrj \f^kb Iwo Q^bf f i dend wkite> M yellow- 
ish ; w fa«n 4ec€Mn|^o9iiig ir ide«eeQt^ when far thef 
de^ni^e^ ochre y^Uow. 

It \fk fovnd amorpbouaia rounded fragmeats^ 
/or crystallized nearly a^ cooiinon felspar^ or 'm 
d^lMofd plates^ w in. shining stri®. 

ItsiQteiBal lustr^^ 4. Its tranwarency^ . 2 ; 
Of 1, when deconpoaing. 

Ita fracture in oae direction foliated^ in ano^ 
ther striated. 

Its fragmevts reetaogttlajr. Th» lamellar in- 
flexible. 

Hardness of the siherj^ laminae^ 6 ; of the 
others^ 9. Brittle. Specific grairity^ when not 
much deconi|M>sed> %iOO; when more advaaced 
in this respect 2,300 or 2,212. 

When decayingj; if breathed on, it gives an 
earthy smell. 

Exposed to the blow-pipe, and stuck on glass, 
if the flame be directed to the edges, it easily 
melts into a clear compact glass ; but, if the 
£eme be directed on the faces, they still pre- 
serve their lustre, and only the edges slowly melt. 

This stone was discovered in the black moun- 
tain of Langued(OCj> by Mr. Dodun, one of the 
most eminent French minef alogists ; by its ex- 
tienial characters it ia nearly allied to common 
felspar, but, hy the quantity of calx of iron 
which it essentially conbiins, it must be dciemed 
specifically diffe^e^t frodi it. 

By the analyais of Mr. Doduxi it conilains 
Q,46 ailex, 0^36 argiUL 0U^> calx qf irctou 

f fetn.— This stone is' thus described by Count 
Razoumouski. 3 Mem. Lausanne, p. t29. 

Its 
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Its colour^ by reflected lights isfose red^ and 
somewhat iridescent ; by refracted^ blue. 

It is found amorphous^ and in large masses 

Its lustre^ 2; Its transparency^ 2.3.4. Itr 
fracture thick foliated. 

Its fragments tending to the cubical form. 
Consists of numerousr distinct concretions. 

Its hardness from 9 to 10. Brittle. Its spe- 
cific gravity^ considerable^ approaching to that 
of baroselenite. 

It decrepitates when suddenly heated^ and in 
the strongest heat of a smith's forge it melts but 
imperfectly. The usual flaxes have no very 
sensible effect on it. 

It seems nearly allied to petrilite. 

r 

4ith Species. — Siliceous Spar. Sauleri 
Spath of. Bindheim. — Its colour white, straw 
yellow, or sea green, mountain green, or light 
blue. Red ? 

Its lustre silky, 2. 

It is found crystallized in quadrangular or 
hexangular prisms, transversely streaked, and 
generally heaped together. 

Its fracture fibrous, or striated. 

It effervesces with acids. 

According to the analysis of Mr. Bindheim, 
it contains 61,1 silex, 21,7 calx, 6,6 argill, 5 
magnesia, 1,3 calx of iron, and 3,3 water. 
3 Schrift. Naturforsch. Freunde. p. 452. 

The description above given is imperfect ; 
yet from that, and the analysis, we may infer 
that it is nearly allied to zeolites. Mr. Berg- 
man indeed* considers it lis of the same species 

• ■ • • 
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* Schwed. Abhand. 1784. 

as 



as the zeolite ' of Haellestadt ; biit the small 
pToporCiov of water it hidds 4iscriminate8 it too 
strongly from .tiiat fossil, to allow tiient to .be 
of die same species. 

Mr. Hofiinw> on jAie contrary, conjeetures it 
may be :the same a« the tremolUe of Hiepfiier^ 
which Mr. FeDber* informs us is of a red co- 
lour^ aiad filbrmuB, or striated, and in which 
Mr. Klapro^h fottod 0,65 silex^ i0,18 calx; 
0,103 maga^sia, 0,i)65 fixed air and water, 
and 0,005 calx of iron. 1 Chym. Aon. 1S99, 
p. 54t. 

Of Agates.— J^ten, i^ Mr. Weri^r justly 
remarks, do not form a distinct spieciQs of jstppp, 
but consist of quartz^ crystal^ fliqt, caJoedopf , 
amethj^t, jasper, carnelian, heliq^opium^ j^H^^ 
aggregated in binaf y^ ternary^ or pipre nuine-^ 
rous combinations, and susceptij^le of a good 
polish ; even Qpe of these, if it presents two ^r 
more colours and assumes a gQod polish, lis 
called an agate. These mixtp.ri^s present eithec 
dots, veins, zones, filaments, figures of various 
kinds, ramifications, or arborizations. 

They are jSoun4 either in roi^, i|s in Saxony, 
near Kunmersdorf, or inanguiArfragn^ents, or 
in.i\odyles, or contained injsmall ro.unded lumps 
called g^ds, or, though seldf^joi, stala<>titic. 

Their colours are, the clear yellowish, .j:e4^ 
.di^h, milk, or.greyjs^, or bluish whi^e, or pearl 
^t^', or {honey, ochre, or grange j^^ow, fleshy 
blo^, or brick red, or .reddish hrov^n, iriol^t 
Mue, or brow^iJih green. 



1 



The clear pellucid 

white denotes Crystal or quartz^ 

* Drey Briefe Miner^lahalt p. 21. 
f 1 Beigm. Jouro. lyQCl, p. 82. 

yViOL. I. V The 
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The yellowish : 

white denotes 

The greyish white 
The milk white 
The yellowish: grey 
The smoke grey 
The pearl grey 
The greenish grey 
The bluish grey 
The honey yellow 
The. yellow 
The ochre yellow 
The orange yellow 
The yellowish brown 
The reddish brown 
The flesh red 
The blood red 
The brick red 
The violet blue 
The brownish green 
The leek green, and 

feeling somewhat 

greasy 



Amethyst^ calcedony. 

Quartz, 

Jasper, amethyst. 

Quartz, flint, 

Calcedony, flint, 

Calcedony, 

Calcedony, jasper, 

Calcedony, 

Flint, jasper, 

Jasper, 

Calcedony, 

Calcedony, 

Camelian, 

Homstone, cameliai^ 

Camelian, 

Jasper, camelian, 

Jasper, 

Amethyst, 

Heliotropium, 



Jade. 



Amethysts are distinguished also by their 
distinct columnar concretions. 

The figures contained in agates are various, 
some representing the polygon lines of a fortifi- 
cation, some perspective views, or arboriza* 
tions, or moss, and called mochos ; some con- 
tain real moss, or other herbs, as Mr. D'Aubea- 
ton has shewn. Mem. Paris. 178S, p. 668. 

The specific gravity of agates is ^nerally 
from 8,58 to 2,666. If they contain jade they 
may be heavier. Their hardness from 10 to 12. 

The finer kinds are called oriental, they are 
semi pellucid. 

ai2i;TH 
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SIXTH GENUS. 

Stronthian Earth. — 1st Species. — Combined 
with fixed air, Stronthianite. — Its colour is 
lights or whitish green. 

It is found in large shapeless masses. 

Its lustre^ from 2 to 3. Its transparency^ i. 

Its fracture^ thick striated^ sometimes pre- 
senting distinct columnar concretions. 

Its nardness, 5. Its specific gravity^ from 
3,4 to 3,644. 

It burns to lime in a heat of 140'', and easily 
titrifies with the clay of the crucibles. 

It effervesces with the nitrous and muriatic 
Acids, and forms with them easily crystallizable 
saltSy but which are precipitable by barytic 
lime water. 

SEVENTH GENUS. 

« 

Jargon. Zircon of the Germans.— The only 
species, of this genus hitherto known, is the 
Stone called jargon of Ceylon, or Zircon, which 
exhibits the following characters*. 

Its colour is grey, or greenish white, moun- 
tain or olive green, inclining more or less to yel- 
low, yellowish brown, reddish brown f, and 
violet. 

It is found either in smalt irregular grains, 
or crystallized. The crystallization presents 
either right-angled quadrangular prisms suf- 
mounted with pyramids ; or octobaedrals, con- 
sisting of double quadrangular pyramids ; the 
surface somewhat smooth and polished. 

The external lustre is casual, but the internal 
is strong and inclining to the metallic. 

« 4 Lempe Ma^M* p. 99. 2 BerL Beob. p. 147. 
t BrisioD, p. 7S« 

V 8 * The 
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The fracture is intermediate between the thin 
curved foliated^ and the flat conchoidal^ and 
some small-grained distinct concretions. 

The fragments^ indeterminate and very sharp. 
Strongly semi-transparent. Sometimes o|7aqiie. 
Brisson^ 73. 

Its hardness, from 10 to 16. It's specific 

gravity according to Brisson^ '4/416. And 

according to Mr. Klaproth, 4^615. Accord- 

'ing to Werner^ 4,7. » Bergm. Journ. I'tOO, 

p. 90. 

Heated to redness^ and quenched in water, it 
becomes rifty, and troubled. 

According to Mr. Geyer, it is scarcely fusi- 
ble, even by the help of pure air. 

It is insoluble in acids, except by particular 
management. ^ 

By the analysis of Mr. Klaproth *, 100 parts 
of it contain 31,5 silex, 5 of ferruginous nickel, 
and 68 of a new earth . 



EIGHTH dENUS. 

Sydnein. — Of this no species has as yet been 
found ; nor has it been detected in any other 
•stone. 

NINTH GENUS. 

Adamantine Earth, — \st Species. — Adatnnn- 
tine Spar. — ^This earth hath hitherto been dis- 
covered only in adamantine spar, though its 
* existence may be suspected in some felspars. 

Of this stone we are acquainted with thftee 
varieties ; the first is found in Chioa ; the se- 
cond in India, near Bombay, and there cilllAd 
"cofUndum ; and the third, in France. 

I. .1 • I r 1 I I n I f r , 

* Briflson, p. 73. . . ^ 

Ut Va- 
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r«l Far/g^*.-r— Its colpur is grey, v^itlj xa- 
riaus 9ba4es of brown^ on greei>. 

Itsform^ ^hen most regular^ is tkat of 2^9 
l^^a^gMlar prisro^ two sides large and four 
aoa^U (Brisson):, without any pyramid. It^ 
surface somewhat striated^ and covered with 9^ 
VIIkI of silver white mica^ with here ^nd there 
piirticles . of red felspar^ and sometin^es with 
sulphur pyrites. 

Its iot^rnal lustre, when broken crosswaySj 
0, or 1 ; diagonally, 3. * 

Its fracture, more or less, perfectly foliapeoi^^ 
^Mid sparry, 

lu thin pieces, wd at the edges, serai-trans* 
parept. 

Its hardness, 15. Others s^y it is a littlf 
harder than crystal. 30 Roz. p. 13. Brittle. 

Its specific gravity, according to Klaprbth, 
3,710; according to Brisson^ 3,8732. 

Some grains of crystallized magnetic iron 
are disseminated through it, which are easily 
separated by a magnet when the stone is pul- 
verized. They amour>t to about one-fifth of 
the whole. 

It is infusible in a porcelain heat, and Mr. 
Lavoisier found it so even by pure air ; yet Mr. 
Ehrman assures us, he melted it into a dark 
brown button spotted with white in one minute. 

% Chym. Anq. 178S, p. 143. 

2nd Variety, — ^Tfeis differs from the fonqef 
only in this, that it is whiter, its texture moj^ 
mf^nifestly foliaceous ; and that the ferruginous 
particles barely adhere to it, and are not di3r 
perfed through it. 

♦ 2 Bed. Beob. p. 295. 

u 3 3d Va- 
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3d Variety. — This was found by Mr. Mor- 
yeau^ in Poitou. Its colour reddish brown, 
and its hardness superior to that of crystals. 
Its specific gravity was 4 J 83. 1 Ann. Chym. 
p. 188. Heqee he presumes it to be adamantine 
spar. 

After these we may pei'haps place the heavy 
felspar mentioned by Mr. Brisson, called in 
Rome^ Verdi di Corsica Dure ; its colour is 
dead white, with large blotches of green, and 
its hardness extraordinary. Its specific gra- 
vity, 3,105. And another, mentioned by Mr. 
Morveau, found in Le Forez> of great hard* 
ness, whose specific gravity was 3,075 ; but as 
it yielded a little to ,the heat of a furnace, it if 
probable it contained some mixture of common 
felspar. 



CHAP. XI. 



OF AGGREGATED STONES. 

These consist of either grains (angular 
masses) of stones simply compacted together, 
and forming either uniform or slaty masses; or 
of stones of one or more species, inhering in 
another stone, which may be considered as their 
basis or cement; or of rounded stones of differ* 
ent sorts, adhering to or inhering in some other; 
or of masses of different aggregates inhering or 
adhering to each other. AH these, though sus* 

ceptible 
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eeptrble of infinite variety^ might at leasts in ge- 
neral^ be distinguished b j appropriate names^ if 
a classification were now for the first time to be 
attempted; but unhappil} various combinations 
have already been denoted by particular names^ 
under which they are ndw known to mineralo- 
gical writers^ so narrowed and restrained in their 
signification as to be incapable of being brought 
under general divisions; and to introduce new 
names would produce confusion. Hence I shall 
confine myself to the explanation of the denomi-' 
nations already in use^ as they are understood 
and applied by the most exact writers on thia 
subject. 

Granite. — This name in the strictest sense de- 
notes an aggregate of quartz^ felspar^ and mica ; 
all in very variable proportions^ not only in dif- 
ferent> but often in the same mountain; the 
fi^lspar generally amorphous^ seldom crystal- 
lize^ very frequently in the greatest propor- 
tion^ and the mica in the least. 

Ths size of the grains is also variable^ from 
that of a pin's head to that of two or three feet; 
but this last is very rare*. 2 Bergm. Journ. 
1789^ 9SS. The largest usual size is that of 9k 
nut. Some are so small as not to be distin* 
guished without a strong lens^ and are often 
taken for simple stones. See Voight^ lime* 
nau, 29. 

The colour of granites is infinitely diversified ; 
it depends chiefly on that of the felspar^ this be* 
ing generally the most copious ingredient ; this is 
generally reddish^ more rarely greenish^ or blu-» 
"ish^ or greyish ; the mica more generally blacky 

u 4 more 



inor^ rsi^dy yellowish 6f grey ; the qyaarti cl«i« 
AloDly greyish wbit^. 

G^aiiH^s If re modt comofonty very lm#d; 
iome, however^ indlmng to didmlegficCioo Me 
very brittle. 

^ The felspar found id gramte, tkovgh g^smt-' 
fiklly of the coititnon kind^ yet may be of tha 
dorts I hi£ve tailed petrilite or felsite. 

Hetice the specific gtATity of granite is vu-^ 
i^iablci from 2,5388 the lowest I hate met with>. 
to S,9564, that of the blue granite of CarinOtia, 
^hich Ibriftsoli telU ud is the most beautifnl of 
the species. H^re the felspar Is blue^ tod most 
probably the compact felspar of WeidenmaD^ 
which I have called felsite. But the most 
usual specific gmtity df granites is fr6m 8^ 
to 2,66 or 3,76, if \9e admit thlit it may coataia 
a smAlI frtoportion of shorl, or rather herM'*' 
blende, whieh Brisson constantly mentions ; h^ 
oMy, hO\teter, mistake ferruginous or blatfe 
mica for this. That of the red i£^yptian gra^ 
nites, of the obelisks of Romcj is S,654^ that of 
the grey, fe,T879. 

Steatites is also tometioies a component part 
of g:lr^nite; but Mr. Werner deduces it with 
^reat probability from the decompositioti of 
mica. Ho^ever^ Htepfner says^ it is sometimea 
in essential component part. 4 H^Wet. Mag« 
267. 

Porcelain earth is also sometimes foujikd in 
l^hariites, Afid said to arise from the decompbsi- 
tidh bf felspar ; but as this earth is infusible^ 
but cotitrhon felspars on the contrary Tery fu^ 
sible, it is not from these, but tnost probably 
from cotitinubus felspar, that its origin must be 
deduced. 

Shorl ( I mean true prismatic shorl ) is also 

some- 



tiEiins. Wt 

tometiiDM foHod in gttaitoM, bat otiky ctaaMj, 
that is to sajj not as a ernistask ingredieat » ex- 
tended masses id the rock, except pet baps in a 
fe^ eountrie^. . Werner, Ctassif. $. 6. Oameti 
bave also been fmmd in it, but very rarely. 
Ibid . Also shorlaceous actinolyte, and chlorite. 
4 HeWet. Mag. 266. See also Renoranz, 7. 

It has lately been observed, that when gra<^ 
nites are traversed by considerable veins of 
quartz or felspar, rubies and other precioua 
stones are frequently contained in those veins. 
1 Chy. An. 1793. YoigfatT Prack. Gehrig. 
Kunde ^. 18. 

Mr. Hacquet found, that granite reduced to 
powder is easily melted into a whitish green 
homogeneous glass. Crell Beytrag. 34. 

That granite may be produced, at this day, 
from the agglutination of its own ^and, wa 
huve an eyident proof in the mole constructed in 
the Oder in the year 1732; it is 350 feet in 
length, 54 in height, of that breadth at top, 
and 144 at bottom; the walls were made of 
blocks of granite, fastened with *iron cramps, 
the chinks stopped with moss, and the tpace be- 
tween the walls filled with granite sand ; thti 
•and, by the oozing of the vi^ter impregnated 
with iron. Or other causes, is now at last ren-* 
dered so hard and ^compact, as to prevent any 
more water from traversing it, and cannot be 
distinguished from natural granite. Lasius^ 
Hartz, 91. 

Granites seem to pass into sandstone, Leske, 
S. 967. 

Sienite. — An aggregate of quartz, horn^ 
blende, and felspar, or of quartz, felspar, hom» 
hlende, and mica, appears to Mr. Werner to be 

of 
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of later fonnation than the mere B.ggTeg9,te, of 
vhich hornblende is not a constituent part; 
hence be distinguished it at first by the name of 
grunsten ; afterwards^ however^ he found the 
name sienite more proper^ it having been already 
used by Pliny to denote a similar substance ; 
and Chevalier Napion^ having discovered in 
Svi^eden a substance which corresponds with the 
grunsten of Cronstedt^ Mr. Werner applied this 
term^ as Cronsted bad done. 

Mr. Hacquet found sienite fusible into a, 
« black glass in a moderate heat. Crell Beytr. 34. 

Sienite in a slaty form^ has been found in the 
Altaisehan Mountains ; it consisted of sandy 
quartz^ hornblende^ and felspar. Renovanz^ 5 
and 8. 

The sienite^ Leske^ S. 1063^ is worthy of par« 
ticular attention ; its colour is greenish ; and 
^here decomposing, whitish, and yel^lowish 
grev, it presents large patches of brown mica 
lirith small grains of white quartz, and a large 
quantitv of greenish black hornblende, with 
some felspar. 

The quartz is genc^rally by far in the smalleat 
proportion. 

The granites which contain hornblende are 
the hardest. Mem. Par. 1773, p. 824, inSvo. 
They should also be the heaviest, particularly 
if the hornblende be in a considerable pro- 
portion. 

Granatine. — Besides the aggregates already 
mentioned, various other triple compounds have 
been discovered in Switzerland, by the indefa- 
tigable industry of Mr. Saussure and Mr. 
Hoepfner, whicn may be denoted by the name 

of 
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of granatines ; of these the following are the 
most remarkable* : 



Quarts 
Fel8(»ar 
Jade 



Ckaaits 

Felspar 
Shorl 



Quartz 
Felspar 
Garnets 



Qoartie 
Mica 

Shorl 



Quartz 

Mica 

Jade 



Qxmtz 

Mica 
Garnet 



Quarts 

Shorl 

Hornblende 

Quarts 

Jade 
Garnet 



Quarts 

Shorl 

Jade 

Quarts 

Hon J blende 
Homstonef 



Quarts 

Shorl 
Garnet 



Quarts 

Hornblende 

Jade 



Quarts 

Hornblende 

Garnet 



Felspar 

Mica 

Shorl 



Felspar 

Mica 

Hornblende 



Felspar 
Quarts 
SerpeDtinel 



Felspar 
Quarts 
Steaciteai. 



The shorl may be either the common^ or tour 
maline^ or shorlaceous actinolyte. 

Even calcareous spar^ fluor^ zeolite^ and ba- 
roselenite^ have been found in some granites in 
Switzerland. 1 Cby. An 1788, 13^. Haiding. 
58. See also Leske's Catalogue, G. 55, and S. 
528. And 2 Sauss. 407. 

According to Dolomieu, several jfigj-ptiao 
monuments at Rome are formed of black trap, 
felspar, and mica. 37 Roz. 195. 

The aggr^ate of quartz, mica, and garnet^ 
i» called norka, or murksten, by Cronsted. 

Of Binary Aggregates of the Granitic kind. 
— Grunsten, GraniteH. — Binarj a^rentesof 
quartz, felspar, mica, shorl, hornblende, &c« 
are called by Mr. Haepfner, simple granites. 
Walleri us bestowed this name on the aggregate 



* 1 Sauss. 107, Bcc. 
f RenovanSj p> 5. 
t 5 Beigm. 128. 
I' BeDovaDS,5« 



1 Helvot hbg. nu 



Of 



Qnaitz 
Felspar 

Quartz 
Steatites 



Quartz 
Mica 



Quartz | Quartz I Quartz | Quarte 

Shdrl |. HomUcfide J Jade | Garnet: 



Felspar | Felspar | Felspar | Felspar I Felspar 

Sbori I Hombleiide | Jaiie | Garnet 



Mica 



Mica I Mica I Mica I Mica 

Sbori I Hornblende I Jade I Garnet 



Hornblende 
Jade 



Hornblende 
Garnet 



Jade I Indttrated Steatites 
Garnet | SborL I S^QSb. 104* 

The aggregate of quartz and mica, is hy the 
Swedes ca\\ed^telUtei7iy y^hether compact or 
slaty. Mr. Werner, when it is slaty, calls it 
glimmer schiefer, that is, slate mica, or ebistose 
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of quartz irsd felspar. Mr D'AtibaitoKi eatU 
the aggregate of quartz and shorl, or of quitrt;; j 

and hornblende, granftelL Mr. Brisson by { 

this term understands the aggregate of felspav 
aod shorl. To avoid all ambiguity^ I woiil^) 
propose to denote all these duplitates in general 
by the name granitell; speeiiymg, When neces- 
sary, the peculiar constituent parts of each. 

Mr. Werner, and nis school, at present de- 
note only the aggregate of hornblende and fel- 
spar, or mica, by the name of grunsten, as 
Cronsted had done before. Werner uberdie 
GangCj 79. It were not amiss that every other 
con4»iiiation, not laqrely aecidental, but of 
which mountains or large tracts actually consist^ 
were also distinguished by a peculiar name. 

The granitelk liitherto noticed by Saussure^ 
Heepfner, and Haifdinger, are. 



^^icn, or ^atff mica ; wben compact, Jt mmy per- 
hapts be profier to call h ^telMein ; when slaty^ 
shistose mica. 'W'he^ its coherence is modcMte, 
and the mica dispersed through its subitanoe^ it 
has often the appearance of a sandstone^ and is 
called by the French micaceous grit, jot primi- 
trve micaceous sandstone. 

Stellsiein is found either grey, green^ or red ; 
its appearance is variable according to the pgo 
.poctioti of its ingredients. The mica often runs 
m veins or stripes; it is u^ed as a fire&tone. 

The stone called aventurine, of which vi&e 
have already spoken, may be considered as of 
this species. 

The aggregate of felspar and mica is called 
rapakiviy its colour* is brown, or brownish red, 
it moulders by exposure to the air, but that' is 
only when the mica exceeds ; when the A^lspar 
exceeds, it forms a durable stone called in Italy 
granitone. Ferhev Itali/, 118. 

Theaggregate of hornblende and mica ia ge- 
nerally dark green, and hence called grunf^tein. 

In fact, however, the addition of mica to 
any stone cannot, with propriety, entitle it to 
be placed in the granitic order ; as mica does 
not form a graii\, but attaches itself indiffe- 
rently to many sorts of stones. Thus we have 
micaceous limestones^ mieaceous potstones, mi- 
caceous argillites. 

The aggregate of quartz and steatites is 
called Saxum molar e bv Wallerius ; its colour 
he tells us is grey, green, or red. Mr. Mongez 
tells us it is also found in Dauphine. 

Mr. D'Aubenton calls the aggregate of 
quartz and felspar, granatin . 

In some -aggregates of quartz and short, 

slender cabilliform needles of red shorl tMvaMe 

. the 
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the quMtz; and crom' each other in vmow 
directions. This stone is in some estimation, 
and is by the Germans called hairstone. It is 
found in Siberia. 

Granilite. — Granites Indeterminatus of 
Hxpfner. — Under this denomination, we may 
comprehend all granites that contain more than 
three constituent parts. 

Of this sort many are mentioned by Hcepfper, 
Saussure, Haidinger, and in % Chym. Ann. 
1786, p. 22. 



Quartz 


[ Quarts 


Quartz 


Febpar 


Mica 


Felspar 


Mica 


Shorl 


Mica 


Steatites 


Garnet 


Garnet 



Quart} 

fiaroselenite 

Mica 

Shorl 



Quartz 
Felspar 
Mica 
Shorl 

Quartz 
Baroseltnite 
Mica 
Hornblende. 

The two last aggregates were found form- 
ing a whole mountain m Switzerland, by Mr. 
Hoepfner. 1 Cbym. Ann. 1788, p. 134. The 
|[>aroseIenite was of a flesh red colour. 

Gneiss*, — JRoche feuilletee of Saussure^ in 
part. — To Mr. Werner we are indebted for a 
precise description of this stone. According to 
him gneiss^ like granite^ consists of quartz^ 
felspar^ and mica. Of a thick, slaty, conti- 
nuous, or fibrous texture, and not of a gra- 
nular^ as when they form granite. And hence 
a slaty granite is not on that account to be 
called a gneiss^ as it is still granular. 
■ ■■ ■ i I ■ I ■ ■ I III I * 

* Werner, Kurze Classification, §. 8* Bergm. Kalendar, 

1790, p. ao2. 

In 
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III ^eiss also mica is ia the smallest propor- 
tion, and felspar generally is nearly an equal in 
proportion with the quartz^ except the gneiss 
approaches to granite, for in that case the 
felspar predominates, as does the quartz when 
gneiss passes into shistose mica. If the gneiss 
be split longitudinally, the mica will appear 
in the largest proportion^ because the layers of 
mica are the most fissile. Voight, $.20. But, 
if broken across, it will appear otherwise. 

The felspar in gneiss is often decomposed and 
passes into clay, and the mica sometimes into 
steatites, particularly near veins. 

Garnets are often found in gneiss, but of no 
value; so also is shorl, and tourmaline; and^ 
in Switzerland, also shorlaceous actinolyte, 
hornblende, and talc. Per Hoepfner. 4 Helv. 
Mag. 268. Voight, Prack. Geb. §.20. 

The transitions of gneiss are into granites, 
shistose mica, and shistose hornblende. 

The hardness of gneiss is as variable as that 
of granite ; its slaty texture is often only per- 
ceptible to the eye, for it refuses to split, though 
it breaks more easily in that direction than in 
any other. 1 Sauss. 114. 

The quartz grains are generally more blunt 
in gneiss than in granite; the felspar, often thin, 
and flatted in the direction of the laminas ; yet 
sometimes thick, and placed obliquely to their 
direction. The mica often runs in veins parallel 
to each other. Sauss. 117. The plates or la- 
mins are often of unequal thickness, straight, 
or variously bent. 

Withered gneiss has sometimes the appear*- * 
ance of a grey slaty mortar, as in Leske, O. 
68 ; or of a reddish and yellowish mortar in* 
termixed with mica^ as inO. 371. 

SomC'-' 
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Sometimes it alioAinda so jnuck iniioutbleode, 
as to jesemble hornblende slate^ m in 8. 768. 

Shistose Mica. — Glimmer Schiefer of Wer- 
ver. Roche feuilletie of Saussure, §. 460 — 
This consists of quartz and mica more or les0 
intimately mixed^ and of a slaty or sbistose tex- 
ture, straight, or curv^^ it contains more mica 
than gneiss does ; sometimes the quarts is not 
distinguishable. I doubt evcn^ whether tafc^ 
rather than mica, be not often one of its con- 
stituent parts. Sometimes the quartz and mica 
are found stratified i?«^ith each other. 

It frequently contains garnets (and then^ as 
the compact sort already mentioned, is called 
murlc^ten), and according to Haidinger also 
shorl, actinoljte, and sappare. 

Sometimes granular limestone holds the place 
of quartz, as in Leske, S. 1520. The speci- 
men \b\% is of a bluish grey colour, with an 
uneven sbistose fracture, and worthy of par- 
ticular notice ; it also contains granular lime- 
stone. 

Its transitions are into gneiss^ argillite, sbis- 
tose chlorite, and porphyry. 

Sometimes it is so decomposed as scarcely to 
be distinguished, its colours yellowish, or red- 
dish grey, oi" brown, sometimes nearly filack, 
however, it always retains fts fissile texture. 

Murksten is remarkably heavy. See Ledke, 
S. 293. 

When the mica is dark blue, or lead colour- 
ed, or nearly black, this stone much resembles 
hprnblende slate, or at least an argillite mixed 
with hornblende ; but the softness «f the mica, 
and the specific gravity, sufficiently distii)guish 
them. See Leske, G. ISl* 

Porphyry. 



.PORPHYRY. 405 

Porphyry*, — Any ^XovLe yfh}cii/\m^ ailiceous 
dr argillaceous ground, or basis, contains scat- 
tered specks, grains, or dots of felspar, visible 
to, the naked eye, is at present denominated a 
porphyry. But with felspar it may, and gene- 
rally does, contain quartz, horiiblende, and 
mica ; these inhering stones are generally of k 
different colour from the ground ; in which, as 
in a cement, they are stuck and crystallized ; 
nay, of late this name has been given to stones 
wliich do Qot ctmtain felspar^ at least visibly. 
See Leske, G. 2S8, 2S6. 

I do not see any reason why calcareous or 
muriatic stones, containing felspar, should be 
excluded; hence 1 distinguish fqur sorts of 
porphyry, the siliceous^ argillaceons, nvuriatic, 
and calcareous ; most of which may be coiTt- 
pacty or shistose, or slaty. 

The felspar contained in porphyries is com 
monly distinguished by its oblong quadrilateral 
shape, though it is often in rounded grains. 2 
Chy. Ann. 1790, p. 16. Very frequently it is 
disintegrated or decomposed. It is said to differ 
in hardness and fusibility from common felspar ; 
those most usual in granites possessing these 
properties in a higher degree ; it may therefore 
be, if grey, the labradore ; if broxvnish red, 
the petrilite ; if greenish, the felsite ; por- 
phyries containing large crystals or fragments 
of felspar, from 0,4 to 0,9 of an inch, arc by 
the French called serpentins ; their basis is 
supposed to be a jasper, but commonly, I be- 
lieve, it will be found to be a liornstone. Bris- 
son, p. 126. 35 Roz^er, 128. 

The specific gravity of porphyries is neces- 

* Kurze Classif. §. 12. 
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sarily diffbreiit y^Uh the jiitbre iiiid'^rifp6rtioB 
of their bases. 

Pf Saic€Ou$ Porphyries. Leske, S. lOdO. 
— Siliceous porphyries have eitliLer jasper^ hprn- 
'^tone^ pitchstone^ obsidian^ siliceous shisius^ 
shistose hordstone^ or felspar itself for their 
basis* 

« 

Janper Porphyry. — The existence of fliis 
has lately been called in question. Mr. l¥er«^ 
ner eipressly saVs^ he never met any. 1 Bei|^. 
Jo^rn. VlW, GfXiy in a note. Mr. Faujas^ 
'from the 'great fusibility of the poi^hyries 
,that ^ere presumed to have jasper for their 
basis^ thinks that it iKiust be of a "drfferent 
nature. This pointy however, is not yet per- 
fectly ascertained; «ee Leike^ G. 312, and 2 
'Chy. Ann. 1790, 19; nor perhaps can, in par- 
ticular instances, without examining the fusi- 
bility of the specimens in question, 

Hornstone /^orj^ftt/ry .—-These are distin- 

Suished by their hardness, and a conchoidal 
ne splintery fracture, their slight transpa- 
rency, and want of lustre ; they are also nof 
difficultly fusible ; of this sort is the porphyry. 
1 Sauss. $. 150, 156, and 157. And many more 
in Leske^ G. p. 25, &c. 

Sometimes the felspar is decayed^, and some- 
times the hornstone also, while the quartz and 
hornblende remain entire; this gives the' whole 
the appearance of indurated volcanic ashes, 
though the quartz might prove the contrary ; if 
the felspar alone be decayed, the hornstoiiea 
will appear porous, and may be taken ibr & 

lava. 



Uvt. ' flee LfdEfe^ G. p. ^, Ac. lU :trinsi* 
;tipns are into, granite and sandstone. 

Pitchstone Porphyry. Leske, S. 1779. — Its 
colour^ blacky grey, green, red, oi* yellow, of 
various shades, generally many colours at pnce 
in the same specimen. Lustre, greasy 3.1. 
Transparency, 8.1. Fracture, imperfectly con- 
choidal. Hardness, 8, 9, 10. The felspar often 
blue. See.Liebenroth.Beobacht, ^. Of this 
see a remarkable specimen, Leske, S. 950. ^Its 
hardness, 10. Lustre, 1. ' 

Of some the fracture is slaty^ as fpr in- 
stance, that jn Leske, S. .177^. Its coloi|r, 
yellowish grey. Lustre, scarcely 1. Traps* 
parency, 1. , hardness, scarcely 9. Specific 
gravity, 2„458. 

Obsidian Porphyry. — Black> or greyish 
black. . Lusj^re glaasy, 3.2. Transparency, 0, 
or L Fracture, perfectly conchoidal. Hftr.d* 
ness, 10. 

Horn Porphyry. — Porphyr Schiefer of 
Werner. Leske, S. 1130, 971, 973.— This, has 
ffiliceous shistus, or homslate for its basis ; but, 
as other porphyries may have also a slaty or 
shittose .texture, .^r. Nose justly proposes to 
distinguish this we nqw treat of by the name 
of horn porphyry. ^ Nose, 432. It frequently 
contains nornblende and quartz much more ap- 
parently' than felspar. 

The ground is geperally bluji^h, or gr^nish, 
and the felspar white, ^liud often exceeding mi- 
nutc ; this give^ ^e. whole a bluish or greenish 
grey appearance, sometimes also a yellowish 

.^pipy,,. ^mi thfsse, \^l stronffly r^pf mble wacken 

^Qffl^nj. i^ec^JUske, S.1015. 

X 3 Lustre, 
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Lustre; 1 . Transparency, or 1 . . Fracture 
uneven, coarse, or fine splintery; sometimes 
tending to the conchoidal ; frequently slaty in 
the gross. 

Hardness, 9, 10. 

It is often found dcc^omposed^ or disin- 
tegrated . 

The grain of this stone is often as fine and 
close as that of hornstone ; but then it does not 
give fire with that smartness, that hornstone of 
that fine grain does. 

. It passes into argillite and trap. 

The ba,sis of the horn porphyry, Leskc, S. 
1041 J seems a middle thing, between siliceous 
shistus and argillite ; its colour bluish grey, 
with some reddish and whitish specks; fracture, 
thin slaty; hardness 10; surface shews a whitish 
brown crust from decomposition. 

Petunse Porphyry, — Porphyry that has fel- 
spar for its basis is called by this name. 

Its colour is generally yellowish brown, or 
reddish brown, or brownish red, or reddish 
grey, or flesh coloured, or yellowish red. 

Lustre^ 0. Transparency, 0. or scarcely 1. 
. Fracture unequal, or earthy, or fine splintery, 
or presenting small folia or lamellse, ouen pre- 
sents distinct concretions. Hardness^ 10. 

The rock^ mentioned in 3 Sauss. §. 728, seems 
difierent, being much more fusible. , See Leske, 
S. 1158. 

Of Argillaceous Porphyries. — These may 
have indurated clay, hornblende, trap^ wacken, 
mullen, kragg, or argillite, for their basis. 

Clay Porphyry. -t-Leske, S. 1094, 1096.-- 
Its colour is generally of some idiade of grey, 

or 
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or greenish ^ey, or brown^ or blackish^ or red- 
dish browQ^ or Isabella yellow. 

Lustre^ and transparency^ 0; fracture^ earthy; 
hardness^ from 5 to 7. It sometimes adheres to 
the tongne. 

Of this sort is the metalliferous stone of^ 
Born^ or Crauttein oi the Germans^ so cele- 
brated in Hungary ; its colour is some shade of 
green, mostly dark, even inclining to' blf^ck, 
rarely reddish; it consists of indurated clay, in 
which hornblende, felspar, mica, and quartz, 
are Ibund. I Bergm. Journ. 1789, 606. Haid. 
42. See the Specimen, Leske, S. 289. 

This porphyry is much subject to decay ; the 
felspar either moulders, or loses its lustre; the 
hornblende also; and the whole has then been 
often mistaken for yoTcanic traass. 

The reddish porphyry of the Hartz, men- 
tioned by Lazius, whose specific gravity is so 
low as 2,405, is probably of this species. Also 
the porphyry of Pottchapel, described 'by Mr. 
Weiss, 6 Leropes Magaz. p. 52, which consists 
of quartz, felspar, and mica, held together by a 
grey clay, and there called a white sandstone. 

The Isabella yellow clay porphyry, Leske, S. 
1221, is remarkable, it has the earthy aspect of 
a marl. Its lustre, and transparency, 0; frac- 
ture, earthy; hardness, 9; specific gravity, 
2563. At 148'' melts into a greyish glazed 
porcelain. The felspar in this stone is ochre 
yellow, and easily distinguished while the stone 
js undecayed, but it is very subject to moulder^ 

Hornblende, Porphyry. — Ophites of Brissovr. 
— Masses of sienite, in which the, hornblende 
abounds, may deserve this name. The colour 
of the basis is black, or greyish black, or. dark 

X 3 green. 






green, or yellowish green ; the ft6.ctatk%ttiiittA, 
or foliated. Specific gravity, when the propor- 
tion of hornblende is considierable, $,978, 

Trap Porphyry, — Its colour is greyish, or 
bluish black, or blackish, or reddish brown^ or 

g-eenish grey; Instre, and transparency, O; 
acture, earthy, or fine splintery ; bardness^ * 
from 7 to 9; its specific gravity exceeds 2,7. 

Of this sort is that of M ontelimar, described 
by Faujas, on trap, p. 130. Sometimes it 
libounds so much in quartz and felspar us to 
have its hardnesK 10. See Leske, S. 895. 

Wacken Porphyry. rSee Leske, S. 894. — 
Greenish, blackish, redldish, or yellowish grey, 
or greyish black, or liver brown. 

Lustre, and transparency, 0. Hardness, from 
6 to 9. Fracture, even, efi.rthy, seldom un^ven^ 
Feels tomewbat sandy. 

Mullen Pdrpftj/ri/ .-r-Bluish grey, Ughi or 
dark. LuUre, tod transparency, 0, Fracture 
uneven, knd fine splintery. Hardness, A'otn 7 
to 9. Specific gravity, from 2,6 to 2,728. Of 
this sort are the porphyrias mentibttfed, 2 Chy. 
An. 1790, 18. 

Kragg Porphyry, — See Leske, S. 1078, 
1079, 893, arid 941— Greyish red, or dark 
biirplish red. Lustre, and trietnsparency, 0. 
Exceedingly porous. 

t'ractute, uneven and earthy. Hardness> 
from 5 to 7. Feels rough and harsh ; gives a 
f ellowith grey, or reddish streak, 

It '6tttA vterges to sandstone. 



Argillitic Porphgfry.'^fhvl is dist&iguishr 

ptble 



GRANITI^ POJ^^HYRY. lU 

able i^om ^le foreg^iij^ not Qierelj t^r its slaty 
fra(:ture^ ^ut al^q geperallj by its lustre ; ana 
often by its sligbt tran^^];ency. Jt is found in 
the Bob.rou^ky Mountains. Renoyanz^ 5, ' 

Novaculite Porphyry. — Greenish gr6y^ or 
gifeyish yellow. Lustre, 0. Transparency, I. 
Ij5. Fracture, fine splintery, earthy, or slightly 
conchoidal; but, in the gross, often slaty. 
Hardness, from 7 to 8, rarely 9. 

Feels somewhat greasy. 

Muriatic Porphyries. — These have either 
potstone or serpentine, for their basis. 

• 
PoUtone Porphyry, — Qreenish, reddish, or 

yellowish grey, or specked with red, or leek 
green. 

Lustre, 2. L Transparency, L OT Frac- 
ture undulatingly foliated ; the folia very thin; 
its hardness, from 4 to 6. Specific gravity ex^ 
ceeds 2,7. 

Serpentine Porphyry. — Dark or olive green, 
or greenish grey, or brownish red, or greyish 
blue, pr yellowish, and yellowish green. 

Lustre^ 0. Transparency, 1,0, Fracture, 
fine splintery, often bassing to the uneven. 
Hardness from 6 to 7. Specific gravity, not 
exceeding 2,7. iFeels rather soft. Found near 
Florence. 

Granitic Porphyry , — Whfin porphyry is over* 
loaded with felspar, it is often difficult to say 
whether it be a granite, or a porphyry which 
hath a granitell for its basis. Thus the por- 
phyry, ui 1 Sauss. §. 154, 'may be considered 
either as a granite, since it consists of quartz, 
.'"*"* ' x4 • short V 
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shorlj and felspar^ or as a porphyry^ as the 
quartz and shorl crystals are very minute^ aod 
tne felspiarj on the contrary, is easily and folly 
distinguishable. See also' Leske^ G. 45, and 
214; andS&Roz, 136. 

To this jsort \ve may also amiex porphyries of 
which the ground makes by far the smallest part, 
as that described by Herman, 2 Chy. An. 
1790, 21, and which he calls a porpht/rtte. It 
consists of small sparks of felspar, grains of 
quartz, splinters of hornblende, and fragments 
of short cemented together by a scarcely dis* 
cernible jaspidcan cement. Its lustre, 0. Frac- 
ture fine splintery. Hardness, 9. Transpa- 
rency, 0. Colour greyish, black, or red, or 
t\hite. Also Leske, 8.1090. 

Sandstone Porpliyry, — The yellowish gf£y 
argillaceous sandstone, which contains large 
grains of felspar and quartz. Lasius^ p. Id8, is 
of this species. Specific gravity, 2>564. It 
readily moulders by exposure to the air. 

Of Porphyries with a derivative basis. 
Leske. S, 45J). — Derivative stones ( of which 
more in the sequel ) are also frequently the 
ground of porphyries ; of this sort is the earthy 
hornstonc porphyry^ Leske^ S. 459. Colour, 
dark reddish brown. Lustre, 0. Transpa- 
rency, scarcely 1. Fracture, fine splintery. 
Fragments, nearly 3. Hardness, 9. Specific 
gravity^ 2,617. The felspar is scattered small 
and white. 



V. 



Amygdaloid. — Mandelsiein of Werner. -^^ 

By this name I understand any stone, of the 

^ ^argillaceous class^ which contains as in a ground^ 

or 



or basis^ rounded^ or eliptic masses of calcedoay^ 
agate^ zeolite^ caleareoiis ' spar, tithomarga, 
steatites^ green earth, often also- garnets^ b^rd*- • 
blendes, and opal ; with some or other of these, 
though very rarelv, felspar has also been founds 
Leske, G. 314. 

This basis is generally indurated clay, trap; 
wacken, raullen, kragg. Sometimes it U so de-' 
<^omposed as to resemble mortar, as in Lesrke, O. 
634, 1016; the specimen, S. 236, is a krag^ con- 
taining olivin. :; 

Its colour is grey, or blackish, or greenish/ 
or reddish grey, or brown, or brownish red, red- 
dish brown, or pale, or mouirtain green. Lus- 
tre, 0. Transparency, 0. 

Fracture, uneven, or splintery, or conehoidal ; 
often earthy. 

Some give a white, some a reddish streak. 

Hardness, from 6 to 9. Specific gravity, 
variable, not only frotn the difference of. its 
contents, and of its basis, but also from the state 
of integrity, or of disintegration, in which it may 
exist. Some I have found at 2,354, as that in 
. Leske, G. 300; some at 2,443, as that in Leske, 
G. 296. The toadstone of Derbyshire comes 
under this denomination. 

Lasius remarks of that found in the Hartz, 
that the calcareous concretions contained in it, 
often wither by exposure to the air; and then 
the basis acquires the fallacious appearance of 
a lava. The deeper the stone lies in the earth, 
the larger the cavities it contains. Lasius, 
HartZy 259. The formation of the various 
concretions found in it is most ingeniously ex- 
plained by him. Its transitions are into trap, r 

Pudding Stone. — Under Ihis.name Mr. Wer- 
ner comprehends a coUeetion of small rounded 

pebbles. 
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p«l>)ide«5 pvtly af qiiartv, partly uU^eoiw. ^9r 
tn». Of fiintft bedded in an argillaoeqiU^ ffowdj 
oio in jaspef^ oc quarts^ or e^ep. in sandatQiie. 
According to HaidihgeVj pudding ^t^^^es ^oa* 
siaiof flUita of varioijis colours, c^nawted b^ a 
substance of the same nature ; and, accordmi;. 
to Sau9Sttre, this iMWie is applied to a collection 
of small flints eon&pacted together. As tbia 
name was ivYmted by English lapidaries, we 
must apply it as they do ; and they certainly 
acknowledge no other ground or cement than' a 
^iliceousj or ferruginous as hard as flint; hence 
we maT define it a collection of rounded p«b- 
bks^ of the siliceous genus, cemented by a sub- 
stance of the same genus^ or a ferrugii|ous ccHii* 
pound of equal baldness. The colour of the 
cement is whitish, or yellowish grey, or yellow*- 
ish, or reddish brown, or red, or brownish red ; 
its fracture, generally conchoidal. 

The pebbles are of varioMs sizes, from the 
bigness of rape soed to that pf an egg ; they are 
always rounded, or elliptical, ana frequently 
compressed : the fiper sorts take a fine polish, 
the coarser ajre used for wiU-stones. 

The nature of tbe ^ound, an4 its superior 
hardness, sufficiently distinguish this aggregate 
from amygdaloids ; besides iU ppbbfes are aU 
ways siliceous, whereas spar, &c. is foua4 in 
amygdaloids. 

iSis«d^jto«i£S.^-^These consist pf grains, pot 
exceeding one-third of an incli, of quartz, flint, 
faomstone, siliceous shostys, fi^lspar, or sooot^'^ 
times mica imbedded in. a ic^lcareous, argillfir 
ceons, ailiceous, or fermginous cement; ^he 
ferruginous is indeed yery frequently intermix-^ 
-ed also witli the foregaing. 

fiuidston^ aro eifter frie grained^ or icoarse 

grained^ 
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^rttinCAj ani of vamtis diegrces of eohereiice 
aMid» hardftess^ motet of tfaem feel rougb and 
laftddt ; the least eoUefent break inta aaad. 

Taeif fracture i» generalljp earth j. 

Almost all aaadstones absorb water in various 
proportions, frocfr -h to ^t of their weirht ; 
«d appears by Mr. Brisson'sexperitneiits; those 
used for filtering absorb ^ of their weight. 

Calcareous Sand^ones — Are those whieb 
have a calcareous earth for their basis or ce-^ 
ment^ and this earth may be pure^ or nearly so^ 
or marly^ or marlitic; botn may be coarse 
grained^ or fine grained^ compact or slaty. 

Their colour is generallt white or grey, of 
yellowish white, or yellowish grey, or browii^ 
or reddish brown. Their surface rough ; frae* 
ture earthv or slaty. Hardness, from 6 to 7. 
They are nequently burned for lime, and when 
free from argill they harden when exposed to 
the air. They are often sprinkled over with 
mica. 

These sandstones have been found crystal 
lized in rhomboidal tables superimposed one 
upon the other, and thus forminga sort of py- 
ramid, or in rounded masses. The sandstone 
of FoDtainbleau is a remarkable specimen of 
this kind, its colour is grey for the most part^ 
thou^ some yellowish and reddish are foufid 
from a small contamination of iron. Hard^ 
ness, 9. Specific gravity before penetration 
with Water, is 8,5739; and after penetration^ 
'1S,6111 . It contains by the experiraeats of Mr. 
Lasone€3,5 per cent, silex, and 37,5 mild calx i 
be remarked that it gave out very little air by 
tieat. Th^ cos^ quadrum^ bf Wajilerius, seens 
to be of this son. 

Another 
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Another crystallized stone of this sort was 
found in the territory of Juliers, its colour 
reddish grey^ but invested with a red ochry 
dust. Its fracture small-grained foKated. Spe 
cific gravity/ 2^555. Its form quadrangular 
and tabular. By the analysis of Mr. Westrumb^ 
it contains 70 per cent, of silex^ 15 of m^re calxj- 
4 of fixed air, and 10 of calx of iron. 2 Chy. 
Ann. 1789, p. ^L Here it is remarkable, that 
the calx contained nearly more by the one-half 
fixed air than it usually does. 

Baron Born mentions a flesh-coloured spar 
visibly mixed with quartz, whose fracture pre- 
sents a surface concentrically striated, and whose 
density is considerable ; it effervesces with acids; 
and gives fire with steel. It contains manga- 
nese, to which both its colour and density are 
owing. 31 Roz. 22. 

Calcareous marls that contain less than 33 
per cent, of mild calx, the remainder being, 
either wholly siliceous, or at least containing 
so little argill as not to form a brick when burn- 
ed, may be annexed to this class. Of this sort 
is the light grey marl of Dr. Withering, Phil. 
Trans. ^773, 161, No. 6. It contains but 0,26 
of mild calx, withers by exposure to the air^ 
and will not burn to brick. 

Those of a slaty texture generally have a 
marl or marlite for their basis, their colour 
itiost frequently is Isabella yellow, or brown. 

Argillaceous Sandstones. — These have ar- 
gill or clay for their ground or basis, none 
effervesce with acids, some are fusible and some 
not. Their hardness is from 6 to 8, rarely 9. 
They are often shot through with mica. They 
are compact or slaty, coarse or fine graiqed. 

Of 
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' Of the coarser sort are' formed varioitis mill-* 
stones consisting of minute fragments of quarts; 
felspar^ and flints^ in aa argillaceous' cement. 
Tbese may also be considered as porpfayriefi^ 
filtering stones^ and the coarser whetrtones; 

They often contain impreissions. of .marine 
shells ; sometimes appear cellular^ the quai^tzy 
particles* having faDeii out;' but somelimea.tlkey 
contain nests of porcelaih clay. BaTOn< Bon 
mentions a gnt of, this kind'£Mind in B^bemia^ 
whose g^ins wore. oblongs and so idtefwoven^ 
a(s to bein^same degree flexible* aad elastic. 1 
Raafa. 40S. . 

' The .greenish gr^y often resemble wacken. 
See Leftke; S. 62. 

The ^laty sandstones of this sort are either 
grey, or yellowish grey^ or brown, or brownish 
red. Of this kind is the red sandstone^ called 
rothe todt liegendes, or the red deadlier, from 
its being found either under strata of coal^ and 
generally denoting that under it no more coal is 
to be expected. It is commonly micaceous^ and 
often contains lumps of porphyry, or granite 
imbedded in it. 

Siliceous Sandstones.^-'These in a siliceous 
ground may comprehend grit or sands of a cal- 
careous nature, or one species of the siliceous 
genus may serve, as a cement for grains of a 
different species of the same genus. Or even 
grains of the same species slightly compacted 
together and easily breaking into sand, may be 
thus denominated. See L^ske, S. 1773. ,Its 
lustre and transparency, variable. 

Salindre is a sandstone of this kind, consist- 
ing of calcareous grains inserted in a siliceous 

cement. 
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eemmA, of whioh Abbi 6aii¥age trntsiin Mara. 
Par. 4746. 

*Mr. Rosier mratioos a sandatoue ifaund ia 
Bohemia^ consisting of grains of (^awtz -in a 
flinty cement, lBergb.357; and.Tmriouftothett 
occur in tbe Cabinet of Leske^ 788^ ftc. and 
1 Raab. 401, Ac. 

These saadt tones frequently pass into granite. 
See Leske, 8. 1079, 1080. 

SiUceoua sandstones, wben tbe siliceous matter 
is much debased, as in some eartby qiiafta or 
hornstone, has often the appearaaee of m-argil* 
laceous sandstone, but its hardness often.serTea 
to prevent any mistake. Of t4i» we.'haine an 
instance in Leske, 8. 1275, whose, colour is yel- 
lowish, and reddish gt^J, «nd looks like mortar ; 
iMit its* hardness is 10. Lustre, ^ 0. 

Ferruginous Sandstones. — ^Their colour is 
generally of a deep shade of red, yellow, or 
brown, or grejrish black ; sometimes they ex- 
hibit a kind of network. 

The agglutinating power of moist semi-oxyge- 
nated calces of iron has been well ascertained. 
Mr. Edward King describes a stony concre- 
tion, found enveloping. a mass of iron long bu- 
ried in the sea. Phil. Trans. 1779, p. 35. And 
*Mr. Gad informs us of another, diseoveced by 
Mr. flinman. Mem. Stock. 1770. He also 
shews by bis own experiments, that calces of 
aron much oxygenated do not possess tlus power, 
^which is farther confirmed by the experiments 
of Dr. Higgins, in his valuable Treatise on 
Cements.* Hence it appears that stones, whose 
cement is fecruginous, are less magnetic . after 
torrefac tioa than before, 'firugtnan, 93 ; as ^oy^ 

acquire. 
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ifcH^iiftlft^ inrtetd of loMtig Afr ; and as iiiofn spiB- 
ties of stone contain some proportion of iron. 
Intimately diffused through their whole niass^ 
it is probable, 1st, that their cohesion in many 
Instances procecids from it. 2od, That their 
iron, at the time of the formation of stones, was 
in a semi^-metallic slate. 9A, That their da^ 
compositicm, by their etposure to the air, pro- 
ceeds from its ox^*^nation. 

Of this Ichid IS the ferruginous saadstxme, 
mentioned by Mr. Stutz, 8 Bergbau. 998, it 
afforded 19 per cent, of iron. 

The ferruginous part is in general somewhat 
mixed with argill. 

Ruhhle Stone. — Qrauwaeke of Werner. Ores 
Gris of the 'French. — This is a particular kind 
t>f sandstone, containing not only grains of 
quartz, siliceous shistus, orhomstone, but also 
scraps of bluish argiliite in a clayey cement, 
and of this there is often no more than is barely 
sufficient to hold the grains together, sometimes 
with, and sometimes without mica ; commonly 
compact, sometimes slaty in the gross. 

Its colour is yellowish, or bluish grey, or 
dark reddish brown mixed with grey. 

« Fracture, in the small, fine splintery or 
earthy. Hittdness, from 7 to 9, rarely 10. Spe- 
cific gravity, from S,64 to 2,685, but when 
withered, only 3,60», Sec Leske, O. 1278, 
and S. 474, 607. 

Breccias. — These are cfither simple or com- 
pound ; simple breccias consist of angular frag- 



*" Ijanus meotioiN tome whoie specific gravity is 3,45/. fiat 
the 3 leems aa enor of the pren* Harts, 143. 

ments 
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ments of the same g^nus^ agglutinated ar com- 
pacted together ; or of stones of one species im*^ 
bedded in a cement of the isame genus, whether 
the species be different or not. 

Thus a, calcareous breccia consists of frag- 
ments of marbles^ of diiTerent colours^ held to«- 
gether by a calcareous cement. This is oftea 
simp I V called a breccia^ as the term was origi- 
nally applied only to aggregates of this sort. 

A Jasper breccia, consists of jaspers of dif- 
ferent colours, stuck in a jasper ground^ &c. 

Some apply the term breccia to aggregates 
which contain rounded fragments^ as Gerhard^ 
Cronstedj and Haidinger^ who comprehend 
pudding stones under this appellation. 

CofnpjDtind breccias consist of fragments of 
stonesj or aggregates of various species^ or 
genera> stuck in a cement of a different genus ; 
thus trap in which fragments of granite are 
stuck^. or a trap in which granite^ argilla- 
ceous sbistus, and limestone fragments^ are 
founds form breccias. Faujas Trapj p. 115. 
So also the sandstone breccia^ maitioned^ 2 
Crell. Beytr. 63, which contains «rgillite^ 
quartz^ and mica^ in a cement of sandstone. Si- 
milar to this is the nagel fluke of the Swiss, 
formed of a compacted sand, in which rounded 
masses of quartz, or flint with black, green, 
reddish brown, or grey limestone, and black 
argillite are firmly imbedded. Ferb. 3 Briefe, 
Miner. Inhalt. p. 5, 

Beside those aggregates which have been 
generally noticed, a. few others are mentioned 
by some systematic authors of note, which 
deserve particular attention, as they are fre- 
quently mentioned without any explanation. 

l.st. Anomalous ar compound grits. Of this 

sort 



iort is that of Julian near Genera. 41 Roz. 99 ; 
\^hich is composed of quartz^ felspar^ mica^ 
steatites^ and ferruginous calcareous marls ; 
while moists it is soft> but when dry is suffi- 
ciently solid. When heated it hardens^ by rea^ 
son or the clay and steatites it contains. Houses 
are built of it. 

2nd, Horn rock, kiesel feU, or hornfels of 
Haidinger^ Saxum siliceum of Brunicb^ ha)s 
for its. ground a hornstone basis, in which 
quartz, or indurated clay, or limestone, or gar- 
nets, are found either crystallized or in veins. 
.Its fracture is corapa<^, mostly splintery^ 

3d, Serpentine rock, serpentine fels^ of Hai- 
dinger; it is formed of serpentine, in which 
quartz, mica, limestone, or garnets singly^ of 
colfectively, are found. 

4th, Topaz rock of Werner ; this presents a 
compound of topaz, quartz, shorl, and .htho^ 
marga, confusedly compacted together. It has - 
hitherto been found in Saxony only. 

5th, Garnet rock of Karsten, found by him 
near Winneburgli ; it consists of amorphous 
garnet, in which trap, quartz, calcareous spar, 
and a very small quantity of blackish brown 
mica are found . 

6th, Steatitic rock, schneidestein of Hai- 
dinger, telgsten of Cronsted ; it consists of in- 
durated steatites mixed with mica, or talc, or 
mica and felspar (and then forms muriatic por- 
phyry) or shorl, or tourmaline. 

7th, Variolites. The French naturalists 
denote by this name stones that have rdtfnded 
protuberanceSi of a different nature from the 
€(Mnmon mast of the stone, from their resem*" 
blance to vatioldd. However, it is applied to 
those also whose protuberances have been woro 

v-oii. I- y off. 



oflT, and piTticuUrljr to rouoded stoiieB, of this 
kind^ found in Ihe beds of rivers. 

VarioMtes of durance consist of a ba&is^ of 
« black or dark gre^n colour, called by the 
French short en matse, probabl^r hornblende^ 
containing according to Brisson, grey felspar. 
Its hardness^ 9 or 10, Its specific gravity^ 
from 2,933 to 2,988. Some native silver has 
been found in it. It is evidently a porphyry. 
Brisson calls it serpentine of Dauphine. 

VariatiteM of Drac have trap for their basis> 
dr kragg, or mullen^ and contain roanded masses 
of limestone, or steatites, or of both. 

Still many aggregates are daily met, which 
Cannot be .arranged under any general dcnoiai- 
nation now in use. Hence I vrould propose to 
call them, if any of their constituent parts can 
be considered as a basis or cement, porphyroids; 
if none can be considered as a basis, granitoids. 



CHAP. XIL 



Of MIXfiD EARTHS, AND D£RIVATIV£ STONfiiT. 

WITB SV^^^MBHTAL OBS«1VATIOK9. 

jS^jfri75', resulting from the mere re-uniM; 
of ditierent earths, or sands, are called mixed, 
because the ingredients united are, at least for 
tho most part, visibly distinct^ and may in great 
meaaure be miechaAically 9ep^^ated^ * 
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- ' St<m€9, resulting from tbt coilitidli of stones 
«f different ^ecies^ are called derivatives ; the j 
differ from aggregates in this, that the asso** 
ciated ingredients are not visibly distinct, or, at 
least, require microscopes to render them so. 
The coalescing stones may differ either by their 
ingredients, when both are composed, 4>f many^ 
or by the proportion of some ingredient or in- 
gredients common to both species. 

If the coalescing species differ by one or more 
ingredients, the coalition is formed by the ad^ 
dition of these, or some of them, to the spedes 
that had them not, or by their subtraction froilL 
the species that had them . 

So also, if the coalescitt^ species differ in the 
proportion of their ingredients, the coalition it 
formed by augmenting that proportion in the 
one, and lessening it in the other. 

In either case the resulting deriTaiive stone 
is denominated from the species that still predo<» 
minates; if it* participates equally of both, it 
may. be. denominated from either . 

Though this, term be originally and most pro* 
perly applied to stdnes that are intermediate 
between, and form the transition or gradation of 
one species to another^ yet we may also apply it 
to stones which receiTe a superabundance of onf 
of the simple earths, or calx of iron; or eten 
of another compound stone, without any eonnec« 
ttoa of ricinity with stones of another species 
which contaia it in a larger proportion* 

The silnple earths that moat generally coa« 
lesce with other stones, are silex and srgill, to 
Mrbieh we may add calx of iron. Calcareous 
earth and magnesia coalesce more rarely; but 
mica or talc, very often. 

Derivative stones are exceeding common, and 

yd if 
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if their origin be not attended to^ may extwd-* 
ingly perplex' young mineralogists. They are 
known and distinguished by their mixed cha^^ 
racters^ participating of those species from whose 
union they result. Most of the diftjunctrDc cha- 
racters that occur in the description of the ori- 
ginal species proceed from unnoticed coalitions. 
Qui if. a character be perceived that is not 
found in either of the supposed originals^ the 
stone cannot be deemed a derivative. 

Of mixed Earths, — The only mixed earth»^ 
to which peculiar names have been assigned^ 
are loam and mould. 

Loam^ according to Mr. Woodward, con- 
sists of clay mixed with fine sand, that is, int 
other words, of clay with a superabundance of 
sand * ; and in effect, Mr. Bergman, having ana- 
lyzed some found in the neighbourhood of Lon- 
don, and considered as very excellent, found it 
ito consist of 87 per cent, of a reddi^ grey 
land, as fine as meal, and 13 of argill. Now 
if w^ suppose clay to consist, as it most fVe- 
quently does, of 30 per cent, of argill, and 70 of 
fine sand, we shall find that loam of the best 
kind contains an excess of sand aknounting to 17 
per cent,; if the excess of sand be greater it 
will form what is called a ^an^^laam; if 
smaller, clayey loam. 

' Mr. Bergman found nothing calcareous in 
the loam; when it contains any, it so far in- 
clines to the nature of marl, and this mar* 
laceous loam may be either sandy or clayey ^ ac« 
cording as the proportionabove indicated is ex- 

* Being derived from the Gennaa wonl Leimci if skfoifidtl in 
lacknt timeg a viscid euth* See Johnson's Diciionaiy. 

ceeded 
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ceeded on either side; of sandj loaiu^* see 
-a specimen in Leske^ S. 1061. But loams 
most freq^iently coDtain also a proportion of 
.calx of iron, and this calx is more or less 
-oxygenated, a circumstance i/^hich produces* a 
considerable variety in the colours, and proha^ 
bly also in the Tegetative powers of this earth ; 
;if its proportion be considerable, namely, 4 or 
.5 per cent, they often contain also some pro- 
portion of vitriolic acid) the colour of loam 
.frequently proceeds from that of the calces of 
Avon contained in it^ but more frequently from 
.its sandy part. * 

Gravel, is a coarser sort of sand, either of a 

* calcareous or siliceous nature, is often mixed 

with loams, and also pebbles, from whence new 

.distinctions arise of importance to agdculture. 

Moulds. SLve loams mixed with animal and v6- 
•getablcreuMiins, particularly ftom putrefaction ; 
.•generally of .a black, brown, yellowish, orgrey^ 
ish brown colour; the proportion of these is 
highly interesting to agriculture; it can be 
.pretty nearly determined by comparing their 
weight when dried at 140*" of Fahr. wiUi that 
•which they lose by being heated to redness in 
an open fire, continued as long as any coaly sub-* 
stance remains in them ; yet not exactly, with** 
4>ut some nicer operations, as the animal earths 
will still remain undetermined, and also the ve*- 
getable ashes. . . 

Of the Calcareous Genus, — Limestones . ^re 
frequently intimately mixed not only with si*^ 
iiceous particlejSj and calces of iron, as we have 
already seen ; but also with argiilite in various 
marbles, see J^eske, G. SS8. l^hen mixed with 
siliceous particles in considerable proportioD, 
.. - • " r3 they 
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tiiey •ffcTYtsee with acids^ but slightly^ and 
fllowlj> aad their fracture tends to the eoir- 
ehoidal^ but often ala« to the earthy ; of this wb 
have a remarkable instance in Leske, 6. ^9. 
Its lustre^ 0. Hardness^ scarcely 9« Frag^ 
sients^ S ; \^hich in^cales the siliceous ingre- 
dient. Its speei£e gtavity only 2^954"^ which 
shews it to be of the nature of saMlstoae. Heated 
to 141% it did not form a lime^ nor did it melt. 
When the limestone' is of tlie granular kind it 
lias more lustre and is much faea^ier^ see Leske, 
S. 1096, But when the particles of silei ate in 
a smaller proportion, or not purely siliceous^ 
the limestone presents a diffefent appearance ; 
thus the limestone, Leske, fi. 1769, seems as if 
f assing into horastone, and is of a yellowish 
iprey colour. Lustre, 0. Transpareuey, i. 
Fracture, fine splinti ry . Fragments, 1 , Hard- 
ness, 9, Specific gravity, 2,640, It offer*- 
vesces briskly with acids, but melts into n 
greenidi grey compact enamel. 

Eff^'Tescence with acids is not therefore a 
•ufficient proof* that a stone will bum to lime^; 
thus the dark bluish grey stone, Leske, O. 
1289, whose lustre is 0; transparency, ; frae^ 
tQve, uneven and splintery; fragments, 2; spo^ 
cific gravity, 2,740 ; hardness, 9, and which 
contaias the impressions of various shells, aad 
efiecvesces very briskly with acids, yet melts 
into a black compact glass. It has an earthy 
smell when breathed on. 

Cnlcts of Iron in a particular state, not as 
yitt perfectly known (perhaps highly oayge*- 
nated^ or combined with argill ), not only com*- 
muuicate a yello^iish or reodish colour to Hme^ 
itoneSy hut seem to .corrode them ; of this we 
have ope instance in the specimen, jLetke, 8i 

1324, 
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1324. Its colour is reddish Isabella jellow.; 
lustre^ 0; transparencj^ 0; fracture, earthy; 
iiardaess, 7; specific gravity, S,601; gites a 
-white streaky at 141^^ it hardens into a purplish 
red porcel .in mass, and where in contact with 
the crucible becomes ^rtenish. The porcdaik 
gives. fire with steel. As the stone is so light, 
notwithstanding the quantity of iron it con* 
tains, it is plain it must be internally corroded* 
See also Leske, 8. 13S5. 

Spars, even slightly contaminated with mo^ 
tallic substances, are ntuch altered in their Ap* 
pearanee, and acquire a more g-ranvlar texturo; 
thus the spar, Leskt, 0. 14^^ from a sKght 
contamination of lead and pyrites, acquires aa 
earthy uneven, fracture ; its colour is greyish 
white; its lustre, 0; its transparency, Where 
thin, S; specific gravity, 2,822; hardness, 9; 
eflfervesces with acids. 

MarU also are much disguised by iron ; ihe 
specimen, Leske, S. 453, is dark reddish brown/ 
and reddish blaek; lustre, 0; tranipafencT, 0; 
fracture partly even, partly splintery; ^^^^ 
ments, Oor 1; hardpess, from 7 to S; specific 
gravity, «9y398; gives a red streak; eServesces 
vrith acids. 

4if/pBmn is frequently penetrated with marl, 
calcareous spar, swinestooe, sandstone, and per- 
haps with stroothian, &c. these, mixtures cause 
a change both in its hardness and specific gra- 
vity; its colour is then eiiher blackish grey, or 
a jkiixture of whitish aqd blackish gteyin lavess 
or spots and veins ; lustre, either or 1 ; 'from 
interspersed shining particles ; see the specimens 
in licske, O. 1589, and S. 510; and this com- 
pound is itself often mixed with foliated 

y4 gypsum^ 
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^ypsum^ which ma v easily be taken for mica^ at^ 
in the specimen, S. 631. 

All the varieties of gypsum are often met in 
veins in indurated clay. See Leske^ S. 2B0, &c. 

Sometimes this impure gypsum assumes a slaty 
form ; and this often contains aa excess of vi^ 
triolic acid^ as the specimen Leske, S. 259> 
which is internally black, and externally dark 
bluish grey; its hardness, 7 ; specific gravity, 
2^473; heated to redness it becomes reddish 
white, 

-, The specimen, O. 1552, is very remarkable; 
its colour, pure whiter lustre, 2.3; transpa** 
rency, 2; fracture, partly grtoular^ partly fo^ 
Hated; hardness, 8; specific gravity, 2^725. 
, It sems a mixture of granular limestone and 
foliated gypsum, 

Muriatic Genus, — Potstone is often inter* 
inixed with quartz, or some other stone of the 
siliceous genus; of this sort is the specimen^ 
Leske, S. 148, and often with quartz and mica^ 
as in O. 195. Colour of the firsts light bluish 
grey, mixed with yellow ; lustre, 2 ; transpa*- 
rency^ 2.1; fracture, coarse splintery, sonser 
what slaty; fragments, 3; hardness, 9; specific 
gravity, 2^748. Perhaps also this stone is ra- 
ther an indurated steatites, penetrated with si- 
liceous matter, heated to redness it becomes 
brownish white^ inclining to red. The colour 
of the second is greenish grey^ enlivened by a 
quantity of talc or mica. 

Siliciferous Potstone. — The specimen, Leske^ 
O. 1158, is bluish black, mixed with white; its 
lq6tre/2; transparency^ 0; its fracture, uneveii^ 

partly 
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partly splintery^ p^^rtly ioiperfectly cunred 
slaty; hardness^ 9; specific gravity, S^759. 
Tbe quartz lo many parts visible in the veins. 
It is much more imperfectly slaty than argH* 
lites are; its grain and lustre approaching more 
to those of plumbago. 

In Leske, 8. 34S, a greyish . green stone oc* 
cursj covered, with a whitish earth, that seems 
formed of steatites, intimately penetrated with 
Of^gill and some talc ; its lustre and transparency, 
0; hardness, 6 ; specific gravity, inconsidenU>le ; 
does not feel greasy ; its fracture, fine splintery, 
and imperfectly slaty; heated to redness it 
hardened to 9, and discovered some glimmering 
particles ; it does not effervesce with acids. 
' Steatites is much disguised; when pene- 
trated by calces of iron it generally assumes a 
bluish colour^ increases in weight, but is never 
so bard as argillaceous stones become by a si* 
milar mixture. See the specimen in Leske, S. 
'88S, whose hardness is6j and gives a whitish 
streak. 

Calciferous asbestinite, Leske, O. 626. — Its 
'Colour is partly greyish, partly greenish white^ 
sometimes mixed with shades of pale red ; its 
lustre^ 2.3; transparency, 2, in thin pieces; 
form amorphous; fracture^ pa-rtly grauularly 
foliated, partly radiated ; hardne8^5.6; brittle; 
specific gravity, 2^,863 ; effervesces partially with 
acids^ melts at 146^ into a yellowish green glass. 
Karsten and I^eske term it a zeolite ; but its 
specific gravity and vitrescence forbid this de* 
nomination. 

Serpentine is sometimes intimately intermixed 
with hornblende, and thus becomes almost black, 
increases in specific gravity, and discovers somei- 
* . what 
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whftt of a foliated or striated fracture. See tho 
specimen^ Leske^ O. ](HI. 

Serpeaiine h also sotnetimeB penetrated witb 
trap, and in that case also its coWur is blacky and 
its ft acturesplinterj. Uf Ibis tort is the speci* 
men, Leske, S. 864. It is full of separate con^ 
eretions, lighter than genuine trap^ and less 
flisible. 

In the Argillaceous Genns.^ — Trap is fre- 
quently blended^ or intimately mixed vith horn^ 
blende tlate, vracken, mullen> or kragg, singly^ 
or vfiih two or more of them in various pro*« 
portions, and hence the variety of its colour and 
specific gravity often arises. 

The greener sorts^ if they have more lustre 
than ordinary, and if their density evceeds S,8» 
may be supposed to contain a large proportion 
of hornblende slate ; but, if destitute of lustre; 
and if their density be below 2«78, and easily 
fusible, they probably contain a proportion of 
M^acken; if more difficultly fusible^ most pro** 
bably serpentine. 

The light grey traps, when their density is 
under d,78, may be suspected to contain muU 
leo. 

The reddish broTvn most probably are mixed 
with kragg. 

Mr. Karsten supposes, trap to be formed of 
an intimate mixture of horRblende, quarts, and 
felspar ; and in effect if we suppose it formed 
0,60 hornblende, 0,S0 quart?:, and 0,10 felspar, 
we shall have a stone whose sppciiic gravity 
shall be 2,839 ; but this stone will not contain 
the proportion of iron that BergmaA found in 
trap, and which, by the various analyses menr 

tinned 
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lumed by Mr. Fai^a« in ht9 Troirtiie on Trusi 

appears to be never less than W p« cent. ; lor, 
hornblende, by my analysis, eontaina* 88 per 
cent, of iron, and by Mr. Weigieb's still less ; 
consequently a stone contaiaiog 60 parts of ft 
can contain but 13,8^ of iron at niost» nor can wf 
obtain by this means a stone vhose specifiegra^ 
vity amounts to 2,98, as that of trap often 
does. 

Siliciferou$ Trap. Xe«*e, G. 17S.~This 
arises from an intimate mixture of trap with 
some atone of the sililceous genus. The speci- 
men in Leske, S. 1230, presents the folkiwia^ 
ebaracters : 

Colour, blackish grey, or dark iron grey;, trith 
numerous rounded white specks, as small as the 
point of a pin; it is moreover full of rifts, and 
these exhibit a bluish, or reddish ferruginous 
illinition. 

Lustre, 1 .0. Transparency, 0,5 . 1 . 

.Fracture^ uneven, fine splintery. Frag- 
ments, 3. 

Hardness, 10. Specific gravity, .^668. 

At 140<^, it melts into a \yhitish grey, exceed^ 
ing porous, spongy, tumified, porcelain mass 
glased on the surface. 

Mr. Karsteu thinks it a compound of trap 
and lydian, but the eflfect produced Im' heat doe^ 
not eountenance this supposition. Jl call it si- 
liciferous, merely from its etternal characters ; 
it has a closer and more flinty graip than trap. 

It seems to be the hornatiger trap of Lasius^ 
No. 27, which is speckled as this is, and rvhoso 
specific gravity is also 3,680. 

Of this mixture there are various gradations. 
The changes it undergoes from heat clearly dis- 
criminate 
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eriminate ii from Iiomstone^ isto^bich^ however^ 
I believe it often passes on the one hand^ as it 
may to common trap on the other. 

Another specimen of this sort occurs in 
Leske, S. 1233^ in vrhich the ^rey and black 
parts are ntore distinctly separated from each 
other, it is covered with a yellowish grey rind. 

The lustre of the grey partis I, nromafew 
interspersed glimmering particles ; of the 
black partj 0. Fracture of the grey, uneven^ 
and partly fine splintery ; of the black imper- 
fectly conchotdaL 

- Hardness of the black, 8, of the grey 9 to 10. 
Specific gravity, 2,705. 

At 130^, this stone melted into a' black com«^ 
pact, and partly into a porous dark greenish, 
vellow enamel . 

» 
« 

' Trap intimately mixed toith Kragg, — Of 
this, Leske, S. 1223 seems a specimen. 

Colour, greyish black, yet with a shade of 
red, and externally it is invested with a whitish 
grey rind from decomposition. 

Lustre, 0. Transparency, 0.* 

Fracture, uneven, and fine splintery. Frag- 
ments from 2 to 3. 

Hardness, from 8 to 9 flpecific gravity, 
2,728. 

At 148*, it melted into a somewhat porous^ 
liver brown porcelain mass, whose lustre ap* 
preached to that of anenamel. 

Hence it is plainly a distinct fossil from com-^ 
mon trap. 

* 

Trap intimatehj mixed with Hornblende.-^ 
Of this sort is the specimen, Leske, G. 264. 

Colour, bluish or greenish black. Lustre, 1^ 

front 
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from some glimmering particles. fTnuis^a- 
rency, 0. Fracture, fine splintery. Frag- 
ments, 3. . 

Hardness, 9. Specific gravity, 3,472. 

It contains some grains of magnetic iron- 
stone, which raises its specific gravity so high. 

Lasius, Hartz, mentions a tMp of a. dusky 
green colour, which does not give fire with 
sTeel ; is sprinkled over with hiack spots, offers 
an uneven fracture, and whose specific gravity 
is 2,850; most probably misted with horn- 
blende. 

Trap intimately mixed witK Serpentine,—^ 
Lommer is said to have found a stone of this 
sort ; but I can find no description of it. 

Siliciferous Argillite. Leske, G. 153.— 
This with the appearance of an argillite seems 
at the same time intimately penetrated with 
some stone of the siliceous genus ; generally 
siliceous shistus, or sand, or jasper^ or basanite^ 
or quartz. 

Colour, dark, blackish, or bluish grey^ or 
grey with black or deep blue blotches^ or red- 
-dish, or yellowish grey, more rarely greyish 
grey. 

Lustre, 1.2. Transparency, 1. 

Fracture, in the gross, slaty ; but ef single 
Jamins, often splintery, or conchoidal. 

Hardness, from 8 to 9. Specific gravity, 
from 2,615 to 2,67. 

Sometimes the quartz seems the most consi* 
derahle spart of the compound, but still pre- 
serves the slaty appearance ; and the seams are 
of a darker colour, as in the specimen, Leske, 
«. 747. 

Some- 



Semetimes Ihe stKctferaus argillite is alsd 
ferruginous^ which renders it much heavier, as 
the specimen^ Leslie, O. 774, which is also »i-^ 
caceous. Its colo^ir is dark bluifth grey, wfith 
^eiiis of 'red, and some of white quartz ; its 
lustre 1, from dispersed mica ; hardness, 9; it 
is but imperfectly slaty. 

Trapiferous Argillite. Leske, ,G. 149,— r 
This is mentioned, but insufficiently described, 
by Lasius. Hartz, 104. 

Its colour, bluish black 

It splits difficultly. 

Hardness, 8. Specific gravity, .2773. 

Talcose Argillite. — Colour, whitish, or 
bluish^ or greenish grey, often invested with 
foliated steatites. 

It is found in large masses. 

Lustre, 3. Transparency^ 0. 

Fracture, slaty^ mostly thin, and very thin, 
curved slaty. Hardness, from 4 to 6. ^ecific 
gravity,. 3,717. 

It often involves quartz between its laminas^ 

This is the stone raenticmed in'Leske, G. 133, 
and which Karsten styles a middle thuig, be^* 
tween mica and argillite ; it is, indeed, hard t^ 
distinguish whether the minute shining scales 
it presents are mica or talc ; but as this stone is 
found in great plenty at Holyhead, and there 
often invested with a crust of foliated steatites^ 
and sometimes includes masses of pure talc and 
amianthus, I presume these foliaceous shining 
scales are also of the muriatic genus. 

Calciferous Argillite. — The specimen, Leskcu 
S. 1104, effervesces smartly with acids. Its co- 
lour, greyish and reddish purple; lustre, 1,5, 

scarcely 
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.scarcely s'lty* '^ith minute glittering par- 
ticles; transparency, 0; fracture, slaty, but 
:does not split easily into very thin lamellae; 
liardnegs, 7; specific grarity, 2,721 ; gives a 
purplish grey streak. 

Hornblende Slate, penetrated with Talc or 
j*/tca.— Colour, greenish grey. 

Lustre, 2. Transparency, 0. 

Fracture, slaty, and thin slaty, the lamiiue 
not easily separable. Fragments, 3. 

Hardness, from 8 to 0. Specific gravity of 
the specimen I tried, which had exceeding thin 
layers of quartz between its laminie, 2,815. 

Feels very rough . 

It is found iu great plenty at Holyhead, and 
has for the most part thick layers of quartz in«- 
tercepted between its lamime. 

Hornblende penetrated with Garnets.— ;-li» 
colour is dark greenish red, or reddish dark 
green, according to the proportion of garnet. * 
Its lustre is only derived from the garnet mix- 
ture; fracture, earthy, or fine splintery; hardi- 
ness, 9; specific gravity exceeds 3 ; i^ mica be 
superadded, it is generally shistose. 

Hornblende Slate penetrated with an excess 
of Quartz. — Of this we have a remarkable spc- 
"cimen, Leske, S. 1087 ; its colour is ochre yel- 
low, with black shining streaks of hornblende ; 
fracture shistose ; it feels sandy ; hardness^ l(J. 
The ydlow colour seems to proceed from a fer- 
ruginoAs quartz. It has some resemblance to 
gneiss. 

Mullen penetrated with Asbestinite. — Of 
this we ha\e a specimen^ Leske, S. 100, 

Its 
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Its colour is reddish grey when fresh broken^ 
.arising from a mixture of reddish brown and 
ash blue particles ; of the reddish^ some possess 
little^ some no lustre; btit the ash grey have all 
8ome> and even a considerable lustre. ,Its sur* 
fa<;e appears decomposed^ and of a ruby brown ; 
fracture^ uneven and earthy ; hardness^ from 6 
to 7; specific gravity, 2,586, the aggregate 
being coarsely compacted. The most glossy of 
the reddish particles, resemble the faces of 
felspar. 

TYap passing into Granite. — We often meet 
stones which have so great a resemblance both 
to trap and granite, that it is hard to know to 
which of them they should be referred ; of this 
sort are, 1. The stone in Leske, S. 988; its 
colour greyish blue, or black, with a number 
of distinct white particles, and also of oblong 
shining black particles, which seem to be horn- 
blende; and others black and opaque which 
mav be trap. ^ 

Its hardness, is 9; specific gravity, 2,916. 
The white parts do not seem to me to be quartz ; 
the specific gravity of the stone is incompatible 
with so large a quantity of this. 

Ferruginous Argillitcs.—Of these some are 
. so penetrated with calces of iron, as scarcely to 
indicate a slaty texture ; of this sort is the spe- 
cimen, Leske^ O. 948. 

Its colour is bluish brown ; extemally,*it bat 
some lustre ; internally, none. 

It has somewhat of a striated as well as of a 
slaty appearance. 

Its hardness, 7. Specific gravity, 3,188. It 
rapidly imbibes water. 

Argillites^ 
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Argtmm with m excess of Arf^ilt. -^These 
&re generally softer and lighter than genuine 
argilTites. 

Of this 9ort i» tile specimen, Leske^ O. 949. 

Its eoloiMr n greyisfa blue, its lustre and 
transparency, 0. tts fracture, fine splintery 
and somewhat striated, but in the gross slaty. 
Its hardness, 6. Specific gravity, 2,668. 

The lighter 4nd softer kinds, mentioned by 
Lasius^ are probably of this sort. 

Of the Siliceous Genus. Iron shot Quartz. 
— Quartz is singularly disguised by iron, 
scarcely retaining any of its characters, except 
its peculiar hardness. Its colour, brown, yel- 
lowish, or reddish brown, or brownish purple. 
Its form variable, sometimes shistosCj some- 
times of the texture of moss. 

Lustre, O.I. Transparency, 0.1. 

Fracture, splintery ; earthy ; or in the gr.oss, 
slaty ; often discovering granular distinct con- 
cretions. 

Hardness, from 8 to 10. Specific gravity, 
Variable. 

The specimen, Leske, S. 1716, is of an 
Isabella yellow. Its lustre, 0. Transparency, 
scarcely 1. Fracture in the gross, slaty; but 
of the single laminae, earthy ; with minute red- 
dish ochry spots. Hardness, nearly 9. Specific 
gravity, ^,60S. It seems debased by a mixture 
of ochry argill. 

The specimen, 0. 322, is reddish brown, with 
whitish strias, and red veins. Its lustre, 1 ; 
transparency, 0; hardness, 10. 

Sometimes it ^hews a metallic lustre, yel- 
lowish, reddish, or greenish^ from the decom- 
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positfOA of p<jrite& lyiog out its mvnU^w, M^ in 
Le»ke, O. 344« 

Sometimes it hath an open spongy raoM-like: 
stpujcture:, destitute of lufitre aod transpairtecy^ 
as in Lefeke^ S. 783^ wl^ch is partlj bUcki«h> 
and partly yellowish ochry brown. 

ScnnetiQiies it i» so porous and eadrthy^ as well 
as ferruginous, as to reseotble porous laTa» as lA 
Lesk^ 744> destitute of lustre ajidtraMpaceocy, 
but hard as 10. 

Sometimes it is so lariated by calx of iron 
and argill that penetrates it, as to resemble 
slightly compacted rust> as in S. 28. its cplour 
is reddish brown. It is friable between, tb^e 
fingers. 

Sometimes overlaid by calx of iron, a^ io 
Leske, O. 355^ which exhibits quadrangular 
impressions of fluor crystals anciently coAtaijie4 
in it. 

Sometimes it has the appearance of a reddish 
grey, or greyish red, or yellow mortar^ as in 
O. 1021 Und 1733; or yellowish red, as iq & 
270. 

Sometimes it appears as if passing into &aod*r 
stone, as in Leske, S., whose colour is greyish 
red, its lustre, 1 ; transparency^ ; hardness^ 
10; fracture, fine splintery,, nearly even,. See 
Leske, S. 1120. 

Earthy Quartz. — This is often so disgaiMd: 
as to be easily mistaken. 

The specimen,. Ijeske,. O. 360> is al«oati per- 
fectly white. Its lustre, scarcely 1 ;'tfai(lip«r 
rency, 1 ; its structure as loose as that of inosi^ 
>v:hich it resembles ; exceedingly briltl«> tad 
light as. pumice. 

^d. 



Ivt^t^ sMd^ trMMparaicy, neatly 0; cmidstt 
of minute grains compacted together wiQi nd-< 
nwifOQ^ iHinftte itit^ffftices ; y^t it^ htfrdivessr is 
10 > l^etiASfim Mnd^tone^ atfd N. 4^/ rtill 

3d, In the specimen> O. 1383, ^e'fitfd' ^jjOntsi 
destitute of lustre and hardness, and of a yel- 
Ibwi^ gief. <to1otir, and splinCfeiPV fracture ; it 
differs fi^oiii ^ticeous shistus iti fiatiflf^ n& tinfri 
dency C6 A slaff stru<^tuTe^. 

4tfa, The olive green quarts Leske^ 74fy 
hath very fit tie lustfe, but ^tne traJhspftrM<(Jy ; 
its fracture, splinieiry, s^etns p^asshig into botn- 
stone^ hut ils textiVre h still too grsfralar to 
suit fhi^ ^^i^s. 

5th, The specimein he^k^, S\ 800/ pf^sMts 
thin plates or laminse variously heaped toge- 
thet, desttl^te of lu^r^ and transparency ; but 
ffaeir kairdiiess^proYes than to-tte quartz. 

6tfa, in the specimen, S. 1335, we may oB-* 
senre a yellowish white quartz, with distinct 
gtoss granular' concretions, almost entirely de- 
stitute of lustre ^ but its transpa^ehcy tmburt; • 

being; ^. 

The earthy quai^^, Leske, S. 1267, is of a 
grey colour,* with a slight tinge of I'ed and yel-^ 
low .^ itflr lustre is scarcely 1 ; fracture, splin- 
tery, in the gross, slaty, with minute distinct 
gratfiilar concretions, resenlbiing a close-graih* 
ed sandstone ; its hardness, 10. 

The sjieeimen', S; 1^72, resembles the fbre-^ 
goings but its' grain is more open^ and has moff0 
the appeaxfailce of rfote. 

£k»«iettflfies im hath a strong tendency to a la-' 
mkulp structure,^ as if passing. intO' felspar^ at lit 
Leskt; O. 428^. 

% 2 Some- 
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SoiDetimes it hath the lustre, and somewhat 
of the appearance of pitchstone^ as in Leske^ 

Sometimes its fracture approaches to the ear* 
thy> as in Leske^ S. 1 156> whose colour is bluish 
grey. Karsten calls it a siliceous shistus pass- 
ing into quartz. 

' • ■ ■ 

Earthif Quartz penetrated with yellowish 
green Actinolite. S. 1310. — Greenish grey 
with yellowish greep lumps^ and specks ana 
blotches of red. 
. Lustre^ I, Transparency^ 1, or 0,5. 

Fracture, splintery and uneven. 
• Hardness, 10. Specific gravity, 2,883. 

It has numerous rifts, the sides of which pre- 
sent ferruginous illinitions. 

Earthy Hornstone. — It scarce differs from 
earthy quartz, but, in possessing a finer and 
closer grain, it often contains some gliqamer- 
ing particles which are thought to be felspar. 
Hardness, from 7 to 10. Of this sort is the 
specimen, Leske, O. 454, which is of a red- 
dish grey colour, mixed with green ; its lustre 
and transparency, 0. Fracture, fine splintery. 
Structure thick slaty. Hardness, 10. 

The specimen, S. 239, is nearly black, or 
brownish black. Its lustre and transparency, 0. 
Fracture, tending to the conchoidal, .with a 
close grain. Hardness, 7. 

When hornstone is in some measure decom- 
posed, it discovers, in the same specimen, the 
characters both of an. earth, and those that 
belong to its stony state. Thus in that, Leske, 
S. 417^ which is pale grey, mixed with red and 
yellow, we see both a conchoidal and earthy 

fracture. 
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fracture. Its lustre and transparency, 0. Hard- 
ness, 9. ' 

Sometimes it hath the appearance of mortar, 
mixed with compact parts of a closer grain ^ 
than quartz, as in Leske, S. 494, which is of 
an ash grey colour ; the hardness of the more 
compact parts is 10. 

The dark greenish grey is often the basis of 
porphyry, see Leske, S. 457. 

Mountnin green hornstone is t)ften debased, 
apparently by green earth ; of this sort is the 
specimen, Leske, K. 83. Its lustre and trans- 
parency, 0. Hardness, from 7 to 8. Its frac- 
ture imperfectly conchoidal. Gives a white 
streak. 

Ferruginous Hornstorie .-^-The peculiarities 
of these stones will best appear from the de- 
scription of a few of them. 

I. The specimen^ Leske, S. ^8, is reddish 
brown. Lustre and transparency, 0. Fracture, 
flat conchoidal. Very close grained. Hard- 
ness, 7. Gives a pale red streak. 

The iron shot hornstones are more prone to 
melt than others ; thus the greenish grey horn- 
stone, Leske, S. 831, whose lustre, 0; trans- 
parency, 0^5, fracture, uneven and fine splin- 
tery; hardness, 9; specific gravity, 2,813;. 
melted at 146%5 into a black compact glass. 
When decomposed it has frequentl}' the ap- 
pearance and fracture of an ill-burned brick, 
as in Leske, O. 1105, which is pale yellowish 
red ; hardness, 9 or 10. 

The greenish grey hornstone, Leske, S. 1255, 
is at once earthy and ferruginous. Its lustre 
and'transparencyi 0; fracture, coarse splintery ; 
in the gross, ' slaty ; hardness, 10; it is covered 

z 3 with 
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"with ft red ferruginous crusty vrhicfa i)A ^miMS 
places sinks pretty deep into its substance. 

But the rpddi&h calces pf iroii giife ^o tiin- 
clency to fpsion. Thus the purpjis^ red l^orn*^ 
stoae^ Leske^ G. 61^ whose lustre and transp^^,- 
rency, are ; fr^^cture^ unevep^ bpt fiiie ppUb-- 
tery ; hardness^ 9 ; specific gravity^ %63S, r^^ 
fused to melt^ but barely hardened at 147%5 
into a dark grey maas. 

Siliceous Shistus penetrated with Argil- 
lite, — Colour^ light bluish grey, or purplish 
grey. 

Lustre, 0, Transparency, 0. 

Fracture, fine splintery ; in the gross, slaty. 

Hardness, 9 or 10. Specific gravity, 2,689, 
but may vary with the kind of argillite. 

Of this sort is the specimen, Leske, 8. 9^3, 
whose colour is bluish grey ; also that in {iCske, 
G. 174*^, which is purplish grey, streaked in 
the fracture with yellowish grey, and has some 
resemblance to a sandstone. The specimen, 8. 
993, had its specific gravity, 8,689, and at 148**, 
melted into a greyish white porcelain, which 
was glazed at the surface. Leske calls this a 
slaty hornstone: Karsten a siliceous shistus. 
its fusibility, texture, and grain, ihdue^ me to 
suspect it contains grey argillite. 

* 

Silicem^s ShUt^s, fcn£ir^U4 ^'<* M«W««- 
^c^it^, S. lg46.-r-B|msh grey, itf surfwc* Qftm 
stained reddish and yellowisj^ brow^t. 

JUMstrc, Q; transparency, Q. 

Fracture, fi^^ ?|jiiiptery, apd MB^yfn, 

U^^dnesvB;^ specific gravity, ^'^S^. 

^t \i8P^ ^tesjwecvp^n, |^sk^ ^ 1^ in«)t^ 

into 
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into a yellowish blacky and somewhat porous 
porcelain. 

Siliceous Shistus, penetrated with Lime- 
stone. Prasiform Porphyry of Karsten. 
Leske, JS. 1811. — Dark, somewhat yellowish 
grey. 

Lustre^ 0, except a Very few particles ; trans- 
parency, 0. 

Fracture^ splintery ; the grain very fine and 
close. 

Hardness^ from 9 to 10; specific gravity^ 
2,578. 

Though Karsten reckons it a shistose por- 
phyry, I can perceive no traces of felspar. 
The whiter spots are evidently nothing else 
than semi-transparent splinters. 

Pitehstone, penetrated with Opal. Leske^ 
S. 295. — Pearl grey, somewhat resembling por- 
celanite. 

Lustre, silky, 2 ; transparency, 1 . 

Seams penetrated with lumps of opal. 

Hardness, 8. Brittle. Specific gratity, 
1,970. 

Imbibes water slowly. 

Heated, it decrepitates strongly, and then 
whitens; at 148%5 it remained a loose powder. 

Granite, penetrated with Argiltite. Leske, 
S. 1883.— Whitish and purplish grey. 

Lustre, I, Transparency, 0, or 6,5. 

Fracture, partly splintery^ and partly ob- 
scurely foliated. 

Hardness, 8, very difficultly broken ; specific 
gfftvity, 2,670. 

. The mica and purplish Argillite are very per- 
ceptible. 

% 4 FIRST 
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DIAMOND. 

Its colour is most comroonly pale grey^ 
^hich often passes into the yellow^ sometimes 
citron yellow, seldom rosy red, still more rarely 
green or blue^ but very often pale brown, or 
colourless. 

It occurs most commonly in rounded grains,' 
seldomer in double quadrangular pyramids, or 
flat double triangular pyramids^ whose edges 
arr convex, &c. 

Its external lustre casual, internal, -4. {t^ 
transparency, 2.3.4. 

Its fracture foliated. Fragments, 4. 

Its hardness, 20. Its specific gravity^ from 
3,44 to 3,55. 

It gives but a single refraction. 

In a heat of 35^ or 40^, it consumes and 
burns like an inflammable substance ; hence 
^oroe think it a very pure species of coal. No 
acid has any eflect on it. 



SECOND APPENDIX. 

f>f Stoncfi and Earths that otpe their Origin 

fo Fire. 

The fires ^orn wJl^ich rajiny minerals de- 
rive their form and aggregation, are either vol* 
panic or pseudo-volcanic ; of each of which we 
ishall successively treat. 

CHAP. 
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CHAP. I. 

■ 

§ 1,-0/ Volcanos in general. 

A VOLCANO is a mountain that ejects smoke^ 
^ame, and heated stony substances^ partly in a 
loose^ partly in a solid^ and partly in a liquefied 
form. 

These mountains generally stand single and 
detached; yet we are told, that in Peru, and 
frequently in Kamschatzka, they form part of 
an extensive chain. With these, however, we 
are as yet but imperfectly acquainted, and it is 
not clear, that most of those that are so called 
are not rather pseudo volcanos. 

Every volcano hath therefore necessarily an 
aperture, or mouth through which this fiery 
matter is discharged ; this aperture is called 
its crater^ generally it is placed in the summit 
of the mountain, but sometimes on its sides. 
The aperture on the summit is, however, most 
frequently so called, as it is more commonly 
open, and is formed of materials that, after hav- 
ing been ejected, have fallen on the borders of 
the aperture, and in succession of time have 
formed a sort of chimney all around. The late- 
ral aperture is commonly blocked up by the last 
portions of the liquefiea matter that have flown 
through it. The crater is always of consi- 
derable extent, often of many miles in cir- 
cumference. 

The ejective power of volcanos is now gene- 
rally believed to proceed partly from air, pass- 
ing from a concrete into an elastic state; partly, 
and indeed principally, from water and bitu- 
men^ converted into steam; and often also from 

the 
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the decomposition of steam : the cause of this 
decomposition is easily understood by those who 
are acquainted with the discoveries of Mr. La- 
voisier and Dr. Priestley. 

The liquefied matter that issues from volca- 
nos is generally called lava, from the Gothic 
Lopa, or Lauffen, to run. The heat commu- 
nicated by volcanic fire^ to the immense mass of 
materials on which it operates^ scarce ever 
equals 120^ of Wedgwood^ and still mare 
rarely exceeds that degree; this is evident from 
its effects ; for^ limestones are frequently ejected 
from velcanos uncalcined *^ and yet their calci- 
nation requires only a heat of 120^^ and shorls^ 
which are fusible at 95^ are ejected^ unfused^ 
and unaltered ; so also are stones of the nature 
of trapj which yet vitrify in a heat of 12(X> or 
less. 

The most diligent and exact observers of 
volcanic eruptions agree in testifying this fact. 
Desmaretz^ Mem. Par. 1771^ p. 830^ in octavo> 
tells us^ '^ the experiments of Mr. D'Arcet 
prove the fire of volcanos to be commonly 
much too weak to produce perfect vitri- 
^* factions.** 

Mr. Dolomieu^ in the preface to his observa- 
tions on the Pontian Islands^ p. 8^ says^ ^' vol- 
canic fires have no intensity^ they cannot vi- 
trify even the most fusible substances^ such as 
'* shorls.'* And^ in his Notes on Bergman's 
Treatise on Volcanic Products^ he affirms^ that, 
''^ volcanic heat neither alters the texture> co- 
'^ lour^ density^ or hardness, of many of the 
'^ substances that are exposed to it.'* P. 162. 
Others give in effect the same testimony^ by at- 

* Dcdom. Notes oti $d Beqpoi* p. 77* 

testing 









tertiBg iktB slewoetB witk Miiich )•▼« i;o«wiiml j 
flows. Ttoft^ in the li9.aH>us eruytitn af 1636:, 
the U\a of i£to» i»0Ya4 only nt the xate of 
three mjks io S4 hm^€%, or about 3i6 feet io a 
ninute^ though several feat ia height^ andooe of 
the quickest of *«vhich we have any account *. 
The lay^i of YesuYUis haa otiteo eontiaued in 
motion for years ; a»d that of ^tna has con- 
tinued to flow for ten years^ iind not more than 
at the rate of aii: feet in a day f. Now there 
a^e but three sorts of fusion^ with which we are 
acquainted ; that which produce pdrcelaia^ 
that which produces enamels and aemi-vitrifir 
cations^ and that which produces glaas ; by n* 
specting laYa> we shall fiad that very lidtle of it 
has been in aay of these states <; sinee^ therefore, 
it has flo^mdj it is plaioj it hdb derived it Haue* 
faction not from the fusion of itsowa material«> 
but from that of some forct^ »ub$twce mixed 
with it. This fact is so pUiftj that it has even 
struck Mr. DolomieUj ip the midst of hia pm<* 
possessions in favour of some Arrange incoii-^ 
ceivable power which he attributes to volcauc 
fire^ of meltiiig earthy subatances without ef«> 
fecting any alteration in their sensible qualttiaa. 
'' I hope ( aaya he )^ to prove that lavas contain 
*' in their interior a combustible malter> whidi 
*' bvws imd coMumes m the aame manaer aa 
'' other ioflammable9/' Jskn Fane€4^ 10. Yet 
he neglects lelling ua what this matter is; 
though it .pUmly ap^Mora to be no ether tibaa 
%¥il(ptmr nuA kOmrnm, of which a» immenae 

Suautity ia fouad i« aU volcaoas^ which laque- 
<» iu a low 4«gtw of heftl» nd canaes «U the 
stfwj 4iib«tMieM to flow, Ihol are imflROtasd in 

• 2 Pha Thttis. Aftridg J. 387. 
t DsisM. Pamm, 19. #K 
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it. Mr. Fabroni^ in his masterly treatise on 
coal^ p. 3, tells us^ that recent lavas are^ as if 
it were^ anointed with petrol. Mr. Berg- 
ndan^ indeed^ denies that any sign of it appears 
onlavas^§.9. But Dolomieo^ in his notes on 
that section^ establishes the fact. ^^ Recent 
scoriae^ which cover lavas^ often give une- 
quivocal indications of petrol; they are 
greasy^ sooty^ unctuous^ and detonate with 
** nitre^ but these indications soon vanish.'' 
' Mr. Fougeroux made the same observation ; 
Mem. Par. 1766, p. 42, in octavo. Mr. Gue- 
thard ; Mem. Par. 1752, p. 76, concurs. Von 
Salisj in his account of Sicily, published in the 
year 1790, tells us, that he found in it whole 
mountains of bitumen, coal, and bituminous 
wood ; p. 68 and 69; and some under beds of 
basalt, which he calls lava. 

Hence we have all the proof that can be ex- 
pected, that lavas owe their liquedity to melted 
bitumen, and sulphur ; which at once explains 
why they are so little altered from their primi- 
tive state, why they are magnetic, as their iron 
is in contact with imflammable matter, and the 
reason of their uncommon fertility when in a 
state of decomposition, as they retain much of 
the carbonic principle, which is the food of 
plants, and is set loose by their decomposition. 
To present a clear idea of volcanic eruptions^ 
I shall quote the description given i>y Mr. Do- 
lomieu. Ponces^ 278, who has observed more 
of them in various circumstances than perhaps 
any other person. '' After repeated concus- 
'^ sions and subterraneous thunders have an- 
'^ nounced the labour of a volcanic mountain^ 
'^ the smoke issuing from its summit augments; 
^ it is sometimes black, 9ometime9 i/^'hite> and 

" so 
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" SO thick ae to appear almost compact. '' ( Here 
I must remark^ that this bUck smoke> such aa 
we see issuing from glass-houses^ is an evident* 
proof of the accension of coal and bitumen kid 
«i fresh ). '' It rises in perpendicular columns^ 
to a great height, then becoming too heavy 
to be supported in so rare a part of the at* 
mosphere, it spreads and forms ahead like the 
summit of a pine; flame appears soon after^ 
and this is succeeded by projections of ashes^ 
scoriie^ and inflamed stones; at last^ from 
the bottom of the crater^ a liquid matter rises 
resembling melted metal^ whose surface is in 
a state of combustion/' Here the bitumen 
exposed to the open air^ bums off, and hence 
scarce any traces of it are afterwards found. 
It even appears doubtful to me^ that thercTex^^ 
ists any flame at the bottom of the volcano^ as 
the air is generally too impure to support it.- 
This matter flows down from the lowest bor^ 
der of the crater^ and is covered with a quau'* 
tity of scorise^ which float on its surface, 
bemg very thick, it flows slowly, scooping a 
cavity in the light scorie, that form the ex- 
terior of the cone, and attaching those scoriae 
to itself, it descends gently, and then spreads. 
Its farther progression is made either by roll- 
ing on itself, the upper part becoming the 
lower; or by issuing from under the scoriae 
which cover it; this last mode is the most 
usual; for, the surface of the current being 
covered with scorias, and congealing with 
them, and with the earth on both sides, forms 
a kind of crust, under which the lava fl0ws 
as under a bridge. An eruption of this kind 
may flow for a long time and furnish nothing 
but porous .lava. Rarely there are any eur- 

'^ rients 
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*' rents of eompaet ln^a. Iti Mta& the hiya 
^ sekUim 1091169 Irofli tbe MMtnit^ h^t gvnemHy 
^ fronv the sides o# Ae moimtain^ in tirvAet9 
'^ wh4ch affeerwards^ unite in <me common tor- 
i^mV. Sontetinie^ tiiese lateral ejections aiw 
made wHK immense force^ and project enor- 
nfous stony nMi99e9 balf a league. The cnr- 
rents that issoe from the Mdes of a mountain; 
are generally' more compact than those that 
issue from the summit ; they would e^^en be 
exempt fron>scori«^ and porous lava^ had \X 
** not' heen f^v an int^ema^ effbrveseeifce^ which' 
^ takes place in them. After the excavation 
^ of the ground by the fint^ ejection, the pro- 
^ gresnon becomes slci»iwer, and the lava is co- 
'^^ v^red wifb- a white and bluish iame. SoBve-^ 
*^ times it §ow» like an expanding ribband^ add 
^ titen the upper p«irt betsomes lowest^ and cmp 
'^ seqvenHj buries the scoriae and cellnlai faiTa'; 
*^ at other times a new head issues from smdef 
^ the hardened surfkee. Thus the lavas eitver- 
^^ fope and carry with them the bodies Aey 
meet ; and thus they are associated witb the 
porous larva." 
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f . M.— -(>f roleanie Productiom. 

\stj Of luwM in general. — Any matter that 
has isaued out of a yolcatio in a liquefied state^ 
or that has accompanied; or been enveloped in 
such' li<yie£ed nuitter^ is in general styled a 
Uvoa^; andC of this three sorts have been re-- 
marked,, the vitreous^ the- cellular^ and the 
comnacLr 

2ii4,^ Of Vkrtous Lavas. — Vitreous lavas 
ase focmc^of snchr matters as have been ex- 
Bpsi^d to the greatest heat^ oir whicb^ from tfieir 

compo^ 
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coiDpoutii<Ha> wera nost sutceptible of yitEifi* 
cation in a moderate heat. 

Their coloUiT blacky greyish blacky dark 

freea, yellowish, or greyish white ; generslly- 
)und ia iQconaiderable and detached masses, 
either frothy, or compact. 

Their lustre, 3; tfanspiacency, 3.2.1. ; frae- 
ture, conchoidal. 

Hardness^ from 9 to 10. 

Specific gravity, yarisdile, from 2 to 3; ac- 
cording to their more or less frothy, pocous, or 
compact stote^ and also to their composition. 

Mr. Bergman has given us the analysis of a, 
glass of this sort from, the Lipari I%Umds, 
-which contained 69 per cent, of silex, 22 argill, 
and 9 of iron. 3 Bergm. p. 2(Mf. la anather, 
he fojitfid 49 per cent, silex, 35 argill, 4 calx^ 
and 12'of icoa. De Prod. Volcan. 1st edition. 

BmtaU thes^ nasal ts are evidently fortuitous^ 
as the compoatkms must ever vary,, with those 
of the original: stones or earths that ace vi^ 
tdfiaib 

3r2, Of Enamels. — Analogous to vitreous 
laras are the imperfect, vitrifications called 
enamels. 

Their colours are white, grey, or brown^ 
often with round spots of a diflfereni colous 
fcom the groundv Lustre, 2.3. Trauma- 
Mncy, 0. 

SraetUM, raihep more granular than that of 
giass, or betweoi^ that and the porcelain grain« 

Hardness, from 9 to 10. Specific gravity, ap^ 
ps Ottshiiig to 3^ often higher. 

SomatiflEies contain crystals of sborl, or feld- 
spar, not completely melted . 

4rt, Of 
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^2 SECOND APPENDIX. 

4rt, Of Volcanic Scoria. — Theae are com- 
pounds of iron and stony matter that ovfe their 
fusion to sulphurated iron^ which is known to 
be much more fusible than iron in any other 
state; they are tumefied and expanded by the 
sulphureous vapours^ and commonly inirest the 
surface of cellular laya^ as sulphur can bum 
only where in contact with the air. 

Their colour is generally blacky but some- 
times reddish^ from the calcination of the iron. 

Their surface roughs uneven^ and tumefied. * 

Lustre^ 2.3, when decomposed, 0. * Trans- 
parency, 0. 

Their tcixture cavernous^ the cavities larger 
and more irregular than those of cellular lava, 
but never fibrous. 

Their hardness from 7 to 9, very brittle. 

Their specific gravity, when they arc very 
porous, is often such as to admit them to float 
in water; but, when well soaked in it, theit 
specific gravity generally exceeds 2,7. 

Mr. Dolomieu found at least 8 per cent, of 
iron in all those he examined, and geqerally 
more. Crystals of felspar, white garnet, and 
basal tine, have been found in them. They all 
resemble each other. Ponces, p. 147. 

Besides thq scorise that accompany beds of 
lava, there are others, thrown out in detached 
masses. These mixed with volcanic ashes form 
the crater of volcanos ; they are generally more 
completely vitrified, and though more tumefied 
than other scoris, yet they sink in water, as 
they are more easily penetrated by it. They ara 
mostly of the size of a niit, and readily moulder 
by exposure to the air. At Naples they^are 
called, rapillonero, Dolom. p. 903. 

hth.Of 
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5th, Of Voicanic •Slaggs.—'The^ entirely 
retembie the drdsa of « forges; Ifaey are gene«* 
rally red^ and hea^y. 

4 III.— 0/ CeUutar Lama. * 

' Its colour is brown^ or reddish brown^ or 
greyish btack^ seldom.ffrey. 

Its surface^ unequal^ roughs and full of ca- 
vities. 

Its lustre^ 0. Its transparency^ 0. Its frac- 
ture earthy^ and full of cavities. , 

Its hardness^ from 7 to 9. Its specific gra- 
vity variable with its porosity, but does not ex- 
ceed 2.8. 

Mr. Dolomieu pretends, that its internal 
pores distinguish it from porous stones of Nep- 
tunian origin. Notes on 3 Bergm. p. ISPI. 
These pores are larger near the surface, than 
towards the centre. Ponces, 295. 

It is more subject to destruction than com- 
pact lava; yet no compact lava is ever found 
wholly destitute of the cellular. Ponces, 277. 

It generally affects the magnetic needle. 

§ IV. — Of Compact Lava, 

By compact lava, volcanic writers denote an 
earthy substance, .^hich, after having been 
fused but not vitrified^ becomes, on coolings 
compact, close^ and solid. 

Whether this degree of solidity is such as 
totally to exclude, that evidently porous and ca** 
vemous structure, which cellular lava presents^ 
is not perfectly agreed upon. 

Those who are guided b^ observation on mo^ 
dem and undisputed volcanic torrents, allow^ 
that no lava absolutely compact, and destitute 

VOL. I. A a of 
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18 e?er found. Tfaut Mr. Bttgnim Ar^^ 

fines compact lavas to be, '^UiQie wlikk^ 
'^ though uot absolutely destitute of cavities^ 
'^ yef coutaan so lisikr, that they mat be cut 
^' mto slabs with ao almost entire fnirMce> and 
^' polishied like marble/' 3 Bergm. p. 901. 
To this definitioiij Mr. Dolomieu^ in his Notes 
on Bergman's Dissertation^ makes no objection i 
from which we may conclude^ that in a small 
extent^ such as that of common marble slabsj 
they neirer exhibit an uninlerruptfed surface. 
This last-mentioned philosopher^ indeedj hav- 
ing unfortunately wished to comprehend^ tn his 
definition of compact lava^ stony masses^ aot 
found in modem, and undisputed beds of Ift^a^ 
but in supposed ancient currents^ found himseTt 
much embarrassed: '^ there ia (says he)^ sueti 
'* uncertainty in the characters of compac^ 
'' lava> that^ independently of local circum- 
^^ stances^ the most experienced eye may be de- 
'^'ceived*." Yet these oircumstances, no^ 
properly attended to> are those which have se- 
duced him into the most palpable mistakes. 

Gioeni^ though in many mstanees misled by 
Dolomieu^ yet acknowledges thai lava^ so com- 
pact as to be totally destitota of poi«B> is iot 
Ibuad. Litiolog. Yeaov. p. 8&. PMire TMtt> 
who> independently of any system^ hat oanMlsr 
and impartially examintd tbe pfodueta o# ¥o^ 
ftuviua^ expressly denies the existeoee ^f fatva 
dwtituleof pore8> naiie other but the pomm 
being found in correMs of modwH datef . 
Galeani^ in his catdk^ua of the Iav«s of Ve>^ 
suviua^ drawn up in 1Y78> hardly mentimis any 



i^^ 



* Ponces, i;i. t fioDces, i7^ 

eomptct 



fftd)FmiiM this distinction ; and Mr. Dolomien 
aekWMrlsdgCB^ tiimtnot a single specimen of 
€0mymct la^a is to be isuttd in tbe eabinet of 
FfinoK Kacari. 

Tfaooe^ on tbe odier band^ \rbo^ ^ided by 
s^ateiij bestow tbe name of lata on stony 
Aaasea, wbieb tbey 9UppM0 to bave anciently 
flowed^ either firom real still snbmting^ or 
bnagiiiiry ancient extinet> tokatios^ find canh- 
fact lava entirely destitute of fiiores^ ^v^ry scarce 
ndeed in the supposed currents from modern^ 
b«t in gre^i ptenty, in those which they ascribe 
to their fiotitions voleanos now extinct^ as well 
as in Ao Toty bowels of those Y«4canos. 

OiMbft, after teilhi|^ us> from Dolomieci^ that 
eonpaM ttfra eeeiifiies tbe eentre of the beds 
of hiVm, 0ttt ]MNroif8 lava tbe opper part^ ac** 
knowledges that this gradaVion seldom takes 
pkoe: ^'ftw, howeter (says he), are t!he vi- 
^ sible enrfents <tf lata on Yesuyins^ in whicb 
^ we meet tlm gtiulation." It seems be should 
ifttker have BaM n&ne / for^ some lines afler ^ 
be teils M^ ^^ that modem voleanos have lost 
'^ the power of producing any^/' Tbe de* 
laebed masee^ that pass for compact lava^ be 
acknowledges to have been ejected in their solid 
Ibtm by (be ea:plosive power of the volcano^ and 
coasaqfieiilly am not real latas^ but rather na^ 
tural stones^ torn ftoea tbe sides' of the mo«fn- 
•aiii f . Mv. Dotoditeii tells v%, that compact 
kMna urestenos' wbieb, after bating boen meited^ 
r#*assiMM tbeir natural state ai^ appearance 
without any change in their eiternal or interaal 
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properties^ or se«rce* anj ehaiige*; aadU iImiIi 
apme are perfectly compact ( that is; destttarte o€ 
pores )^ namely^ thoie that are buried. iiBdcfju 
not other layas, but under an -entire and im- 
mense volcano f; he therefore gives up theideft. 
of finding tbe^ not only in the beds •€ mo* 
dern^ but even in those of extinct ancieni \oU 
canos. Hence be tells us, that they are much 
more comtoon in extinct volcanos ; and that in 
^tna they do not ccmstitute the ^^ part of 
the whole; whereas in Vivarois and Auvergno 
they form whole mountains. Now most of 
these ancient volcanos of the Y ivareia appear 
to me^ and many others^ to be mere creaUir es of 
imagination^ and consequently^ until the sub^ 
stances they contain are provea to have boen in 
fusion> no definition^ grounded on the ap«? 
pearance^ of these substances^ can pass for tfa«fc 
of real compact lava. 

In beds^ however^ of real undisputed lam 
some parts are founds that^ having been pressed 
by the super-incumbent weighty are more com- 
pact than common porous lava; and those^ 
comparatively to the former^ may be eaUed 
compact ; but scarcely more than a few «<|uare 
inches of their substance is destitute of visiblo 
pores. 

Their colour is brovra^ yellowish^ reddish 
brown^ bluish^ or black, more rarely grey^ 
Their lustre^ 0.1. Transparency^ 0.1. 

Their fracture, earthy, or fine splintery, more 
rarely foliated, and present smalLintemai pcirv j 
if of sufficient siae, in some part of their sub* 
stance. 

* De prodotti. Volcan. p. l62. Pcmoes, 170^ 3rc. 
t Poooes, 179* 

Hardness.- 
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- ' ilAfdtie96^ from 7 to 9. Specific gravity, 8,75 
to2^8». 

Much circumspection is requisite, in framing 
m dtscriptibn of compact lava, from a view of 
Ae specimens brought to us from volcanic coun- 
tries, as they are all collected by persons, ^ho 
take tndiscnminately from real, and from sup- 
posed, volcanic currents, even from mountains 
in which no volcano ever existed. 

To form a true idea of these lavas, we should 
attead to the following circumstances : 
• Ist, That the heat of most volcanos (I ex- 
clude those that for the most part produce only 
vitrified substances) seldom reaches 100^, of 
Wedgwood ; the proof of which is, that almost 
all real lavas, whether cellular or compact, are 
vttriflsble at that degree. Since, therefore, 
they were not vitrified in the volcano, it is plain 
that in it they did not attain that degree ; 90 or 
95 degrees may then be assumed as the average 
heat of. most volcanos. 

Sod, In this heat, many stones of the argil- 
laeeous genus, as traps, hornblendes, and ar- 
gillites, undergo a change ; for they alter their 
colour, become porous, assume aporcelaingrain^ 
and eonsequetitly begin to vitrify, as I have 
Ibund Off repealed trials ; but they never flow 
in this heat, nor consequently form a lava ; but 
bftiMBen win flow in this heat, and even in one 
-much inferior, and be decomposed . If, there- 
lore, the argillaceous stones be mixed with, anld 
dr^scbed in, bitumen, they will be softened by it, 
and flow with it; and where the air erupting 
botii from them, and the decomposing bitumen^ 
kas most liberty to escape, it will tumefy, burst 
through the liquid mass, and form cellular 
Utttf^ but, wJiere it is more compressed, less of 

A a 3 it 
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it ^11 be diseng^ged^ and t)ie lava will be citti* 
pact^ and resemble^ in some degree^ the^rigit 
oal stone of wfaieb it H formed. 

3d^ jBtones of tbe siliceous genui undergo m 
change in tbis beat^ not even motU or felafiafat 
and hence^ though iinnier&ed in the fiery tprMUl^ 
they cannot with propriety be called lavas» aa 
they are not even softened by the mi Ji tyre of 
bitumen^ as stones of the argillaceous genus are. 

Between siliceous and argillaceous sUmes 
there are many gradations^ and vavious miXf 
tures^ which must occasion corresponding va- 
rieties in tbe effects which beat» and varimas 
tither circumstapces may pioduce. It is sufllr 
cient here to e^^blisb tbe principles on wbaeh 
most of theni raay be explainc4. Compilct 
lavas abound in beterogeneous substances whicb 
either have not been fused* or only partially 
fused^ or scorchedi or deeoinposed by beat» as 
felspar^ shorU^ garnets^ aeolytes^ Ac, Svery 
volcano has some that are peculiar to it. Tb«a 
the lavas of Vesuvius abound in that called 
white garnetj and which I call Yesuvian ; tboa* 
of i£tna abound in felspar, ftc. 

Hence we must exclude from the rank of 
lavas all stones vi^hich do not appear^ eiliwff 
from their external characters, nor local eir«* 
cuenstanceSi ever to have been softened by heat ; 
and consequently all those detached piaoas, 
which are ejeeted at the beginning of an ecnp^ 
lion without fusion, and many otiiaff w^hicli 
volcanic collectors enumerate among CMspact 
lavas, merely from having found tbem in tba 
vicinity of volcanos. Thus Mr. I>oli)ineu» 
Liperi, 85, reefcons ajnec^ volcanic stones con» 
ia tbe interior of which be distinctlyj pcroaiaed 
a leaf of sea- weed . Fev^ indeed^ are ,the stanaa 

contained 




<MtiiMd la bk ciit«lagiie wkicli MA Ike daeoi- 
a4 rntUy voleuiic. P. IQ, ^ the samt trMti«% 
W teUs m, that tiM laya whieh burst from Ib^ 
aides of iEfoa in 1669^ had for its basis a gra^^ 
Bila no wagf altered ; \^t, ishen be exweisly 
tieails of Ui# pfoducts of Mtxn^ he tells iui> 
L*Mtma pat^t n'avQir jamais traUi H ^ron 
nite. Tl^ nistakea of this great wntm, ft^ auob 
i«eMaiDlj hold hiai, have had so vide a spread^ 
and ha«e misled so nsasy vho hwn net had an 
omwrtunitj of Tieviag vokank oountries^ that 
i isel mymif necessitated te deleft thean; a 
Ittierty^ which I ana persuaded^ his caadqiir 
lorve ef truth will readilj indiioe hiaa tq 



AU real tairaa except those of the vitfeous 
kiod^ affsct the nsaguetic needle^ unless the ir<m 
they eontain be much oxygenated^ as it often is 
in those of a red eolour^ but ewa these are fre** 
oiiently magnetic by reason of the shorls ^mbO'* 
died in them. 

The component ingredienta of lavas are Ta^ 
yi o Ms^ aoaerding to the nature of the Miginal 
stones, and the accidents tiiey meet with in their 
liqwefied slate. Mr. Dolomieu found them to 
contain froaa 40 to 60 per cent, of tiif&x, frcmi 

i6 tp 3 of ipagnesiji^ from ^ to 1 of ^\%^ aud 

frpm ^ to SS of iron. Popces, iS4. 

f V.-^Of Volcanic Aihes, Sand, Pouzzolana^ 
Tra9s, Tufa, and Piperino. 

l9h Of V^lcqnic AiheM.^^Theit colour is 
brownifb or reddish grey. 

Of a loose agd dusty consisl^ce, yery light 
and subtle, and smooth to the touch. 

Slowly difmible ill wal^r^ a^ whep wet 
somewhat ductile. 

A a 4 They 
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They effermsee sUglitly wtdi aeidi, m«d eMi« 
tain about half their wei^t of argill^ a snail 
proportion of calx, magnetia, aad iron; and 
the remainder is siliceous 

In different' volcanos, nay in. different er«p-* 
tioos of the same volcano, Uie properties diffsr. 
Magnetism . in them is merely casual, few of 
them possess it. Dolom. on Bergm. p. 26.. 
. Though Dolomieu, Ponces, 8X7, thinks thew 
ashes have no resemblance to those of eommea 
inflanraiable substances, yet, as well by their 
external appearance as by their analysis, they 
appear to me exactly the same as uose that 
proceed from various sorts of coal. From what 
else but the combustion of coal, could the thick 
black smoke arise which always precedes dhe 
eruption of ashes ? surely not from the com- 
bustion of sulphur or pyrites ! AH voleanos 
contain coal sind bitumen, whose combnstion 
must produce ashes. Immense quantities must 
be consumed before lava can be formed; and 
beoce ashes always precede lava. 

Volcanic sand consists of minute hard grains^ 
that readily sink in water, generally fragments 
of lava and scoriiee, together with olivin, gar^ 
nets, felspar, andshorl. Dolomieu. Ibid. 

2nd, Of Pouzzolana* . — Reddish, or reddish 
brown, grey, or greyish black. That of Naples 
lA generally grey, that of Civita Vecchia more 
generally reddish, or reddish brown. ' Dolo- 
mieu 's Notes, 32. 

Its surface, rough, uneven, and of a baked 
appearance. It comes to us in pieces of from 
the size of a nut to that of an egg. 

« 34 Mem. Stock. 27, and 31. Gioeni LXVI. Dokm. 
Notes, 32. 

Its 



ItB jntemal \w%re, 0. Its trattspuMViey^ 0« 
. Ita ffaetufe unereD^ or eacthy^ nod pornMu^ 
commonly filled with partieles.afpuBiiCe^ quarta/ 
scoriiBj &C, 

HardnesH^ 3. Very britllew Speieilk ;8Pfa«* 
yity, from 2,blO, whicli is.tkat of tba bla4^ 
to 2,785^ rarely 2,8« Has an earthy siQ.ell . 

It 18 not diffusible in eold water^ but in boU* 
iaag \lriiter it gradually d^KMiits a fine earth. 
It does not effervesce with aeids. 

Heated it a^Miaies a darker colour, and i easily 
neits into a black slagg, or with borax into a 
yellowish green glas». . \ 

It is magnetic before it is heated^ bqt.aot 
after. This is the most remarkable of its pro'* 
per ties. 

. By Mc Bergman's analysis^ it contains. from 
55 to fiO per cent, ailex^ 19 to 20 of argill, 5 or 
6 of avgiU, and from 1 5 to 20 of iron . 3 Bergm. 
p. iW, 

. When mijoed with, a small proportion of lime 
it quickly hardens, and this iuduration takes 
place even under water. This singular pro* 
perty appears to me to proceed from the mag- 
netic state of tho iron it contains, for this iron 
being UDoxygenated^ subtilly divided^ and dis- 
persed through the whole mass, and thus offer* 
ing a large surface, quickly decomposes the 
water with which it is mixed, whea made into 
mortar, and forms a hard substuice analogous 
jto the specular iron ore as it does in the iron 
tubes, in which water is decomposed^ in Mr. 
Lavoisier's and Dr./ Priestley's Experiments. 
For in these the iron swells and increases in 
bulk. Mem. Par. 1781, p. 277. Aod so does 
pouzzolana when formed intamortar. Hig^ns 
on Cements, 125. One principal use of lime 

seems 



seenifttd h% tokeat tie witter^ as wbito cold it 
eamiot readily perrade the caked argill tbat in* 
vests tbe fMruginous particles^ yet in time erM0 
cold water may pervade it^ and produce hard** 
neis; and hence lavas become harder when 
moistened^ as Mr. Dolomieu has observed. 
Ponces^ 417. If the mortar be long exposed to 
the atmoephere^ fixed air^ as well as pure air, 
will unite to the iroo^ rust will be produced^ aod 
the mortar will not then harden, as Dr. Higgias 
has also noticed. Clay over which lava has 
flowed, is frequently converted into pouzso- 
lana. Ponces, 33S. But volcanic seorie nevef 
aflbrd it ; ibid. ; either because they are nrach 
calcined, or retain sulphur, or its acid . 

8dj Tra98, or Tierrfl**!— I couple this with 
pottzBolana, on account of their similaritv to 
each other, and not because I look apon it ai 
constantly, and necessarily, a volcanic produce 
tion. Oii the contrary, I believe it to be gene- 
rally the product of pseudo-volcanos, or exter* 
nal fii'es. 

It is found in many places, but principally 
near Andernaeh^ in the vicinity of the Rhine • 
also near Frankfort, Cologne, Ptfitb, Ac, and 
Acre called tuffstein. 

Its colour is grev, brown, or yetlowifih. 

Its surface rough and porous. 

I to lustre and tran^aren^y, 0. 

Its fracture, commonly earthy, rarely himeU 
lar; »t contains fragments resembling pumice 
( though not real pumice, Voight, Fuidie, 281 ) ; 
also fragments of argtilite and basaltine ^ often 
branches of trees half cleared, and impressions 

• M Mem. StodL. 91. 

of 
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<i(. Umm. f^ N(MC> 1 W. Mlca^ vran om> and 
ellMr ]iet0«g«B«kks^ sre^ more fipequcnt'in it 
than io pouzsoUna. SBergn. 196. 
• Its kardftMi^ froia S^to 7.. 

Feelft dry md harsh« Scarediy ciRerwBMi 
«itli adds. 

It k oak diffusiUe in oaH imter^ but i» bot 
it gives an earthy sntil^ and deposits a fines 
earth.. 

It melts ioto a^ gtejfiA^ browa slagi^. 

It is found. ia valleya some feet under the 
svrfoee, to which no streams of water have had 
aaeess« Sometimes in columnar masses of a 
gsay, or Isabella yellow ccdour, some r^md 
and some qoadrangular, standing close to each 
other> and forming internally one conunon mass. 
3 Berl. Beob. 199. 

. Aecorduig to Mr. Bergman^ it consists of 
nearly the same principles sspouisolana, 0nly 
the calcareous seems more plentiful in tbM. 

Artificial terras^ or pouezolana, is made by 
burning clays or slates that bound in iron^ an^ 
then grinding tbcm to a fine powder. 

4thf Tufas*. — ^Tbese seem to be a pouzi^o 
lana formed by nature into a mortar. 

Their colour, brown, or reddish brown, brick 
red, or speckled with various colours, or green. 

Lustre and transparency, 0. 

Fracturei earthy^ contain sand> scorias^ frag*< 
nents of lava^ limestone^ and pumice, often ba- 
sal tines and Yesuvian. Hardness^ 6. 

Commonly ma^pietic^ and not easily decam* 
posed by the action of the air. 



* Gioem UUCVII^ «od 174. DqIoiii, HqCqi, 34, saa 2S3. 
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&th, Piperino*. — ^Thb alto seems a- eoihcr^ 
tioD otf Yolcanic ashes; and is said to be the sqIh 
stance that co\ers Pompeia. 

Its colour^ S^^J> ^^ -reddish brown. Its lus- 
fara and transparency^ 0. 

Its fracture earthy^ contains fragnrants of 
white marble^ felqnur, mica^ garnets, 9cmm, 
gypsum, shorl, granite, &e. 

Its hardness, 6. 

Sometimes magnetic, sometimes not. 

It seems to differ from tufas, in containing 
more heterogeneities, being in facA a kind of 
porphyry or breccia, and being more easily de* 
composed by exposure to moisture and the .open 
air, but if preserTed from moisture it hardens 
when exposed to the air. 

\ 6th, Pumice. — 1^ Variety. — Its colour grey, 

or greyish white, rarely brown, or Uackenra 

by fuliginous fumes. 

' Its surface-rough and fibrous, with ielongated 

pores. 

Its lustre glass;f, 9. Transparency, 1.2. 

Its fracture striated and open. Fragments, 
oblong and obtuse. 

Its hardness, 3. Brittle in a high degree. 
Specific gravity, below 1 . 

2nd Variety. — Its colour grey, or brownish 
grey, rarely red. 

Its surface rough and dull, with exceeding 
minute pores. Its f bres not discernible. 

Its lustre and transparency, 0. . 

Its fracture, uneven and splintery. Frag* 
ments irregular and obtuse. 



* Dolom. Notes, 34, ana 233. 

Its 
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Its hardaeis^ 3. Spceific ^af ity, 0. 

Both, are futible at 180^ into a grey tlagg. 
liGerh.Geleh. 42. 

. Mr. Doloiaieu m^Ations two other varieties 
heavier than water^ and considerably harder 
than these. I should rather call them pumi- 
ceous fliixtures ; he does not describe them. 

f y I. — Of Stontf^ Substances ^ected, tmaitered, 

or but slightly injured. 

Not only shorls and garnets have been ejected 
from volcanos unfused^ but even calcareous and 
fluoir spars, with their transparency unim* 
paired*; which could not happen if they had 
peen exposed even to the lowest red heat ; we 
must suppose them, therefore, to be expelled by 
the mere force of the exp^lodiog elastic fluids, 
whose power is fully equal to such an effect, 
since when confined they shake, agitate, and 
convulse whole mountains. 

Earths of the argillaceous and miuriatic ge* 
nera exposed to the slighter degprees of heat, as 
clays and steatites, are barely hardened; and 
stones of these genera lose their lustre ao4 
•transparency. In a greater they become po- 
rous. . Stones of the siliceous genus also lose 
their lustre and transparency, and become 
brittle. 

Granites have been found in beds of lava in 
.different states; those on the surface of the bed 
have had their felspar somewhat altered, being 
there exposed to actual flame. But those in 
the centre, having never been in fusion, are only 
rendered more brittle f . 

* Dplom. Notes, 227. f Dolom. Notes, 7^* 

In 



In tbe tsmue Banner ptfTfhjfHeflmwe htm in- 
Y«Af6d m beds of Uotb., cvm p&cfhyriM that 
ba?e bornblemde for tbeir basit^ witbout baving 
tbereby Mffered anj altefatioa*; an evident 
^oaf of tbe low degree of heat wbkb geM*« 
rally prevails in ToleanoB. 

In vain bave tome plrilo90|Aert of lain at-* 
tempted to account for tbese appearances^ by 
ascribiBi^ tbeto to tbe fiasioo of grtuites and 
porpbynes uftdar an inmieMe preawre. 

Before an effect can witb any d^ree of pro- 
bability be ascribed to a given cauBe^ tbe ex- 
istence of dkat eausfe itinst either be certain, or 
at least probnile; and the cause^ if it does 
exists must be knovm to be adequate to tbe ef« 
feet ascribed to it. Now the above assertion is 
incompatible with both these maxims; for, 
firsts tbe existence of a de^ee of heat> suiBcient 
to melt the immense existmg masses of Manite, 
has nerer yet been proved, nor has the slightest 
inducement, even to suspect it, ever yet been of^ 
fered ; on the contrary, it is repelled, and g)ar* 
ingly contradicted by every phenomenon. 

Secondly, if such a heat could be proved to 
exist, this wouM not be sufficient; the existence 
of a pressure, sufficient to stifle the eruption of 
all tbe elastic fluids it would tend to evolve, 
should aho be proved : how can it ^ 

Thirdly, If all this were evident, still such a 
cause would be inadequate to the effect; in 
granite three or mote distinct species of stone 
adhere, nnmiugled with each other. Is this the 
effect of any fusion of stony matter ever vet 
observed ^ have stones, one of which is a flux 
for the other, ever yet remained separate, 
though both in fusion? 

*■ SkknuUktm, 79. 

After 






After atl^ vrhy Aus wtr wMi ttil kmwo et^ 
petinwdt^ ttud analogies? No oA«t' eAU»e » 
flcuf^gwd bttt lbs t«]ipotei tii^^** of baiidt fl*Mi 
fusion^ and the «ear approach of this Moae M 
gramitMi "^ Notwilhfttandkig ( lays Dr. Bed- 
" doea) the recent objecftira* of Mr. W^mw^ 
f' i abaU awume the origin of basalieB from 
'' Bttbterraneous fusion^ as thoroitffbly OMa*^ 
'* blished by various audiors/' wd the near 
approach and ^eotmexion of basalt with gtaofita t 
that both have had tik(t same origin> that hq 
have boon produced by the same laatoral caose^ 
i sbbli not dispoto; but that basalt urMoetOT 
actually Aned^ ^ill clearly be seeu in a Mb«e«- 
quMt soctioH. 



CHAP. ir. 



OF PSEtJOO-TOLCAJ^ig^ AND SUPERFICIAti 

FIRES. 

PsEUDo-Tolcanos are so called^ because, 
like Tolcanos, they emit smoke^ and sometimes 
flame^ but never lava^ in which respect they differ 
from tsuo voicauos. Most of these are cos^ 
mines which have accidentaUy taken fire ; some 
appear J however^ to be natural^ as several in 
Rasnschatefca and Peru. In fiurope * these 
pseudO>^volieonos are not tmcontmoB. TImis m 
coal mine in the raovatlmi of FoOtayoeB^ ja 
Ito«ergoe> having taken .fire in 1770^ has con* 
tiMMd t»«MMt amobe «ad fbuoB and sulp)iK|reo«s 
« .' fumes 
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fume» ever since. Mem. Par. 1781 ^ p. 201. 
Sulphur has been sublimed from it ; for it is 
found on the trunks of trees growing on its sur- 
face, and also crystallized sal-ammoniac . 

The mountain of Cransac has continued 
burning ever since the year 1400. In the 
mountain of Scadalia another pseudo- volcano, 
near that of Cransac; for springs have beeo 
formed J some of which have now lost their 
heat, M the fuel which occasioned it has been 
c<insumed. Mem. Paris. Ibid. 

Th^se mountains not only produce sulphur, 
sal-ammoniac, and other salts found in true 
voUaaos, but alsp tufas, scoriss, and porous 
lava. Ibid. 224. And also tripoli and pouz- 
zolana. 

Superficial combustions are not uncommon, 
and produce singular effects, which have often 
been mistaken for those of true Tolcanos. 
Among others, columnar argillaceous iron ore, 
slates converted to slaggs, and others,, with ve- 
getable impressions. 



CHAP. III. 



OF THX DISTIHeTIVE CHARACTERS OV ▼0i;€A- 
KIC AND BBPTUHIAN MOUKTAIHS. 

• 

T^MB Rre taken from the form and ar- 
rangement, or from the nature of the materiala 
of which these mountains are formed. 

The peculiarities of volcanic mountains arcl, 
1st, That they stand single and unconnei^led^ 

an 
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a^e of a conic fproi^ 9fi^ are f ariiisbed i^itb aq 
qpenipg of Xhe shape of* a fMonel^ or inYer^ecl 
cone, called the crater, 

. 2iid, A tot^l absence of ^tifatification near 
the crater^ fo^ here the volcanic cinders, scprii^j 
aqd ashf^ mi:iced wi|l^ sulphur, apd indurated j 
^ie ifi co):^fused heap§. 

3d, A strati fipat^qq, vrhere any is foi^d, pe- 
culiar to Yolcapqs, ^hat js unequally diflruse4 
and cpnfuse^ly arranged ; for this stratif} cationj 
fuch as it is, afises from ^he liquid matter 
ejecte4 by the yolcano at different pteriod^. 
1^0^, at each period the matter gradually 
f pols as it descends; noqe but the hpttest part 
extends to a gffsat ^i^^^nce; and hepce it i^ al* 
^ay^ fiei^sc^t ^here pearejr to the crater or oppn- 
ii)g frqin \yhiph it issues, tha^ at a great dis- 
(ai^e froni it; apa the lavas pt different peripd^^ 
being ppeqiially heated, inust be diffused in a 
iQanopr ypry different from eapb other, and con^ 
9ti};ute Ife^s qf yery unpqual densities. Be$ide;« 
\j}e conp itself beiqg forinie4 by 9^ long s^cces- 
fiop pf eruptions, the first haying met >yitl> lit- 
tle or QQ dfclivi^y, have rj^ijuaiijed ne^r (b^ 
niiouth of tjie yolcano. iVlprppver, ejruptiopi 
from the ^ides pf the cone often happen, :^bich 
bursting thrpugh the former beds of lava, ocr 
casion a ^till greater irreguli^r^ty in th^ g^n^r^tl 
arrangement. 

4th, The form of a bed of lava i^ always 
parrovv^r near tlie crater, or mouth from >yhi^ 
it burst; for it expands ^ it p^pc/eed^ tp |t 
greater distance. 

. 5th, Metallic veins are never found in bedii 
of lavfi, nor indeed veins of f ^^y kind> ^t If^^ 
of liny extent, being incompatible mi^ the cpnr 
fusion that reigns in them. Nomt Mtnf, i^Miiji 

roL. I. B b to 
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to contain veins of various metals^ the part tbaf 
contains them is therefore not of volcanic 
origin. 

Again^ the substances peculiar to yolcanos 
are those of yolcanic origin; many of them, 
however^ may owe their production to pseudo- 
volcanos, as we have seen ; and therefore, if 
local circumstances be not also attended to, 
may occasion considerable mistakes. These' 
substances are pumice, volcanic ashes, pouzzo- 
lana, tufas, piperino, vitrifactions, porous and 
.compact lavas, each of which should carefully 
be examined to distinguish it from other s'ub* 
stances produced in the moist way, which at 
first sight may be found to resemble it. 

1st, Pumice; this, of all substances, is most 
peculiarly appropriated to volcanos, particu- 
larly that of the first variety ; yet sometimes a 
compacted congeries of felspar, and shorl crys- 
tals with some scales of mica, have been mis 
taken for it; 2 Nose, p. 183 ; nor is mere float- 
ing on water a sufficient character whereby to 
distinguish pumice, for various porous lava^ 
float on water ; Fauj. Mineral des Volcan. 265 ; 
so also do the scorias of some slates which also 
have a greenish grey colour. 1 Sauss. 78. It 
should also be remembered, that pumice, as it 
floats on water, may be conveyed from a great 
distance. 

* 2nd, Volcanic ashes; these, when indurated, 
much resemble wacken; and accordingly this 
4ast has often been taken for then)*. Mr. Dolo- 
micu has fallen into this mistake in his descrip- 
tion of Lipari, p. 57, as must be evident to any 
impartial person that considers it. Others have 
taken comminuted argillitc for volcanic ashes. 
2 Nose, 158. 

3d, Povz- 
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8A, Pouzzolana ; decmyed traps^ or trap por-* ' 
pbjries^ particularly when compacted wijth 
clay^ much resemble pouzzolano, and often 
answer the same purposes ; therefore they have 
often passed for it. See 1 Nbse^ 64, 65; 2 
Nose, 74, 11; Nev. Entd. p. 69; and Leske^ 
G. 209, 221. 

4th, Tufas; wacken has been sometimes 
taken for these. 

5th, Piper ino; amygdaloids, out of whicb 
their kernels had fitlien by decay, sometimes re-» 
semble this stone ; so also do decayed tri^s, or 
basalts. 1. Bergbau, 39S. 

6tb, Vitrif actions ; hyalite, otherwise called 
muller's glass, has passed upon many as a pro^ 
duct of heat, though infusible at 150*'; glitter-* 
ing fragments of felspar bear often a deceitful 
resemblance to glass. 

7th, Porous Lavas; amygdaloids with a 
trap basis, and argillites, often resemble these so 
strongly, that Mr. Saussure, who found some on 
the Alps, owns he would have taken them, if he 
met them elsewhere, for genuine lavas. J Sauis. 
p. 142, 143. Mr. Dolomieu cautiously marks 
this source of delusion. '^ Easy as it may ap« 
*' pear ( says he ) to distinguish cellular lava, 
^' the observer should be very circumspect, and 
'' examine with attention the local circum* 

stances, before he can decide on the nature 

of a porous stone he may meet. External 
" appearances may deceive ; there are rocks 
*' which by their decomposition acquire pores^ 
'' though they have no relation to volcanos. I 
'^ have seen serpentines partly decayed by ex* 

posure to the air, in wMch round irr^ular 

cavities were formed perfectly resembling the 

pores of lavas. Some are capable of form-* 

B b 2 " ing 
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'^ lag th^ most perfect illaftioo. I found On 
'' tl^ Pyrenees haritblende so altered.bj tbe 
'f VieidiitiideB of the ttmofrphcre^ lis t€ con-* 
'^ tain ai miiny tells Bnd cavemosiiies as 
'^ certaifi Ulockl launched from Jt Tokano/' 
Pohcel,Ji76. 

Mr. Dolomieu, it is plain^ was .well.aw^re 
thftt substanaes found in couatries not Volcank, 
could not owe their origin to \oieaiiQs. But 
tfnbappily he did not cunsider that ull fcub- 
stantM fouttd in Yolcantc edua tries were not on 
that atcoUttt neiceasarily volcanie. Hfere He» 
the source of the numerous deteptions with 
"irhiefa bis account of the Lipari islADdd abounds. 
StmtUtmle nnd &nalog%f to real and a<^know-* 
ledged laT&l, of at Ickit fusibiliitf^ inters a& ae^ 
tasstrtly ititn the proof of the volcaAtc origin 
of any fossil as the mere, circumstance of fo- 
eaUtnf/. It IS the union of both that makes the 
proof complete. 

1^. Mr. Faujtfe^ whose testiaiony on this oeea* 
sibn is mboyo exception^ acknowledges that 
trips and porphyries may assume tlie appearance 
ef latas, so completely^ as to lead the tmyfX ex*- 
perienced observers itito. error^ if Wal circum- 
stances be not attended to. It is by attenttott 
to th^^m that lie has shewt) that netther the toad- 
stone of Derbyshire^ nor the whittstoneiif Scot^ 
tofid, are npaHy volcanic*. 

Dr. Priestley, among liis nimierc>^ disco- 
terieft/soenis to have -found a decisive -eharactor 
of lavas: he observed that real lavas yield but 
little air, an oinicc not afford inj? ahove5,5 oufitxj 
nfeasiii-es of air, and somrtimfs scarce any* 
Whereas fictitious laves^ as basails^ &c. 



••SvirlcR Traps, 23, Afj, 'GX 

Yield 
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yieM frero 20to^ ounce raeasuMs. '6 PrL 
«17. 

I lia^c ol^efi feiMifl real faya t(i yield bapaCie 
aif^ tKLsailt never. 

Some 6<ofies 'wbich confeMediij faave beeii 
formed by means of water^ have iieverttieil««i 
fmd « T^tcamc origiii ascribed to Ihem. They 
have heefi deduced fMin «Middy empti^Nis^ of 
which several are «&id to hav« iiisueill froip Ve^ 
siiviug' lA tjbc ia«t eentory. Sig^lmr OjoeQi^ 
however^ -oiie 4)f Che tatfst and mMi Judiei<Mis. 
oh«enKers «f tiiatt woVeaao^ SjM^nfactorily ref«i4;ea 
this opii^ien. TheA w^<;er ^mild 4>e collected 
in tlie focus <iff a«i kctfiYC volcano^ is todead in- 
credible. Some may iudoed tie lorfned dw^iag 
the t«Aftm4viat40fi^ tnit ia a qiKiutity too incon- 
sidorable to form a «iiid. The gireater f^H of 
fhat^ wl>k(h has heen obseri^ to atjbond «r»p« 
ti«n«3 f roooeds from the 'Feser^v^^irs or caverns 
ifiltod<>^ith a^vater in Ihe^hody of tbe^rmiuiitaiii. 
Vhie in jBhe convtfl&ions otte»diii^ er4ijptio«i« 
mii^ often be thco^n wA, and pou/ 4o4Ari[i in 

in fhe hi^ory of <tbe gkihe we -meet with 
only two accounts of the submersion ef the 
eaAth binder visiter; the 4yc^ happenod *ante- 
t^eden^y tO'tlbecre«t«iofi of avM%uais,aod tlie %e* 
tmuA At4tie time <i( Aie geoeral delu^. Dwr- 
ing the period of the fi^-st submersion^ su<>marin6 
volcanos very probably existed, and to them the 
excavation of the bed of the ocean mav be at- 
tributed. But these lavas could not involve or 
cover marine animals, as these did not theq 
exist. During the second period also volcanos 
might have been in an active state, and marine 
animals be buried under their ejections. Thus 
far we are under the 2:uidance of history. But 

"b b 3 if 
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if we proceed farther^ and assume alternate 
stratifications of marine and Tolcanic produc- 
tions^ we must have either particular historical * 
evidence to rest upon^ or undoubted proofs that 
the substances assumed to be Tolcanic are 
really such. 

Mountains of Neptunian origin are distin- 
guished by their materials, and often by the 
arrangement of those materials. 

Isty Mountains consisting of granite, gneiss^ 
jasper, argillites, serpentines, limestones, are 
confessedly of Neptunian origin; so also are 
those that consist of strata of coal, clay, sand« 
stone, marl, &c. So also are those in which 
metallic strata, or veins are found. 

2nd, The affinity and order that subsists be- 
tween the different strata often evince a Nep- 
tunian origin; thus if we see a hard stone 
passing by imperceptible de^ees into a softer 
which is not of volcanic origm (or vice versa) t 
and this into clay, and the clay into quartz> we 
may fairly conclude that the first in tne series is 
not volcanic. This mode of enquiry has been 
invented and successfully pursued by Mr, 
Werner, 

3d, As the Neptunian is by far the most ge- 
neral origin of stones, it may always be-pre^ 
sumed, until proofs of ^ volcanic origin be 
adduced. 
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CHAP. IV. 



or STONES TO WHICH A VOLCANIC ORIGIN HAS 
BEEN IMPROPERLY ASCRIBED. 

§ I. — Of Shorls or Basaltines^ and White 

Garnets. 

It is now generally agreed among vol- 
. canic observers^ that the shorls found in lavas 
( more properly called basaltines ) pre-existed 
in the rocks which were the mother stones or 
basis of lavas before the eruption^ and were not 
.formed by subsequent percolation through, and 
crystallization in, the melted lava. This con- 
clusion is grounded on the following reasons : 

Ist^ Because these shorls or basaltines are 
found in rocks confessedly not of volcanic ori- 
gin^ for instance in granite*. 

2nd^ Because the thin fusion requisite for 
crystallization would convert them into glass^ 
a state to which they do not even approach. 

3d^ Because the heat requisite for their fu- 
sion is superior to that which flowing lava ge- 
nerally possesses, and yet the fusibility of both 
is exactly the same; if therefore, they were 
really fused, so jalso must the lava have been, 
which yet is not true, as we have already 
seen. 

4tb, Because the percolation or infiltration 
of the particles of which they consist through 
fib viscid a substance as flowing lava^ is not ea- 



♦ Helvct. Magaz. p. 156. 1 Sauss p. 67.. 
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sily conceived^ that is^ is not conformable either 
to observatioDj experiment^ or analogy. 

5ib^ Because their crystallization in the 
midst of a dense viscid substance is equally in- 
conceivable. 

These reasons aVcf still more strongly appli- 
cable to white garnets (Vesuvian) felspars, 
and olivins, which are still less fusible than ba- 
salHines. 

Mr. Fatrjas and Baron IXiedrich imagined 
that shorls exposed to volcanic fires might be 
^(li^tiir^urshed ffoih those fouiid tn 'subnances 
'thsLi %rad never fdlt their actibn, l)y fliejr tii- 
^ilence oh the magiietic rieettle. But Mr. 
jSaifssui'e clbserVed the sbdrh fburid in the 
Hl^ighboiirhbod of ^eheva^ to e^^ert the 'skitfe 
HirflUence bs those Cohtaitied ih ^ob'stances con* 
^ftsiedly volcaiiiic. 

§ ^.—^eoti/tes. 

Though zeolytes generally contain froih one- 
*e%hth to one-fifth *of their weight in water, an 
ample testimony one would think of their Nep- 
tunikn origin, yet the circumstance of their, 
being found in the ^vicinity of some volcanos^ 
has induced many to imagine such a connection 
between them and volcanic operations, tlmtfroin 
'their existence, at least in certain circumstances^ 
they have thought themselves entitled to con- 
elude, that the rocks in which they are found 
were subjected in some ancient period to such 
operations. Some have ascribed their origin to 
the decomposition of lavas ; some to the infil-> 
tration of sea-water through lavas; and some 
imagined them enveloped in lavas in actual 
fusion. 

The 



The fM&mvig tucis, to'^ver, tubven M 
MreseHipifrioM. 

nMhnififf h voleanfc, nikle^ tbe wbole ^altli te 
cteefifed so. They 4Lire fouhid >A '^Ofifiefr flkiA fold 
tniR^ 9R Sweden. 3 Ber^. ^384. They irirls 
f offidd lletween !|^r«fif1{es in micsses <of BoMe |iiK9i<- 
^^s weight <b Polalid. 2 diym. Ami. r79t> 
i96. They are flmnd amidsttlfe granites tff^l. 
Gothardin SwrtMrland. ilaidhig. fiS. 

end, Zeolyte is wot fouifd in «be 4atxs citllM 
c^ iOtna or Veravius^ aiid, iMideed, 8ca)rM M 
«H on ■tfao9e fnoanta^ns ; - tfnd iF^^faeti fotind, it ^ 
In ^bstttnees that *aT^ <Rot yolcftnic. N^<li61r 
'Bolomi^i nor G4o(toi could <firfd Hiyy ^n V«sPb^ 
vicre, Wir *ifetfr it; fPonce^, 43S ; »Dd yW:, as* 
baredly^ it i^ not'deficiient 4n lavaa in a ^tMe ^eff 
idecomposititta. 'G^ioeni, indeed^ «et!hi '«^%e 4i6>- 
«rF^^ o;ie isp^ciiifen of ee«rlyfe on JBti^^ 4iM, 
4id1^eVer, in a 4ava, but in a mtorl th»t etrvdi^eA 
it. He also ttientioits one fdund inatbr(t\Mn^k^, 
tntd onein anotherin a stttte of debolttposilidti*; 
49iit ^s 'he imprbperhy ^assumes ilnaiiy "Substances 
¥or Iwvas %htch -are *not 'really ^ndb^ tve may 
«ttf I'-dotrbt, ^h^iher, even 'in «lbe few ins^nci^ 
adduced %y ^hitn^ 'he ^osnot^been (deceived. 

88, The 'Substances in theneij^hbouriioofl df 
Volcands^ in wbieh zeotytes are found, ai^e ^udh 
iife't^e^bave*reason to judge rather of "Neptunian 
than of volcanic origin. Mr. 'Doldniieu^ rffter 
informing us -that he hever found -^eolyteH in ^e 
tktodern lavas either of Vesuvius, iEtna, dr f he 
Sicilian islands, tells us he has found «them in 
abundance in'^uch *of the ancient e^tincit vol- 
canos of Italy, Siiiily, and 'theadjacent islands. 



♦ Giocai, 38, 195, lp6, 197. 
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as have been anciently buried under the sea^ 
and are covered virith calcareous rocks^ and 
other marine remains. The reality of these 
Yolcanos^ however^ still remains to be proved. 

All the zeolytes he mentions in his Cata- 
logue are contained in what he calls lavas 
rendered prismatic^ by flowing into the sea ; 
in these he thinks them formed by the gradual 
filtration of sea-water. Yet the 7th number 
of his Catalogue^ even in his own opinion^ is 
scarcely compatible with this idea; for^ the 
zeolyte contained in this supposed lava amounts 
to half of the whole mass^ and appears so ne- 
cessary a part^ as clearly to evince that both 
were of simultaneous formation*. As the water 
in zeolytes is not salt^ and as no salt is found in 
the stone through which this water is supposed 
to have penetrated, the idea of infiltration cannot 
be supported. These pretended lavas are there- 
fore n2ost probably traps or basalts, which often 
contain zeolytes, and are not of volcanic origin^ 
as ^ill presently be seen. If this great geologist 
had recollected his own assertion, that those 
stony masses on which he bestows the name of 
compact lava, are scarce at all diflierent when 
ejected out of a volcano from what they were 
in their natural state ; and also that zeolytes 
must be perceptibly altered even by the most 
moderate heat ; he would rather have conclude 
ed that these masses that resemble lava, and yet 
contain unimpaired zeolytes, were not genuine 
lavas, but rather primitive stones out of which 
lavas are formed. 

Hence the existence of zeolytes in any moun- 
tain or fossil, so far from affording any suspi-- 

* Ponces, 347. 

cioa 
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€1011 of their volcanic origin, should rather 
lead us to conclude that they were never 
subjected to the operations of the igneous ele* 
ment. 

§. III. — Of Traps and Basalts. 

As the various opinions concerning the origin 
of basalts form an interesting part of the Mi*- 
neralogical History of this century, from the 
numerous researches they occasioned, and the 
many discoveries both of unknown truths and 
unsuspected errors that thence resulted, it will 
not be amiss to state these opinions in the order 
in which they were offered to the public, before 
we enter into a particular exammation of th^ 
merits of each« 

The circumstance that first led philosophers 
into a particular enquiry concerning the origin 
of basalts^ was the discovery of ancient vol- 
canos^ now extinct, made by Mr. Guettard, of 
the Royal Academy of Paris, in the year 1751^ 
and published among the Memoirs of that 
learned body for the year 1752, These he 
found in Auvergne; he inferred their ancient 
volcanic state froni the strong resemblance 
between several fossils they contained and those 
of Vesuvius ; among these fossils, however^ he 
does not reckon basalts ; on the contrary, in his 
JVf emoircs de Physique, published several years 
after^ he ascribes to them a Neptunian origin. 

In 1763^ Mr. Desmaretz, a member of the 
same academy, travelling through Auvergne^ 
observed a multitude of basaltic pillars on 
the road between Clermont and the celebrated 
mountain Puyde Dome. These pillars he sup- 
posed to be lavas, from the closeness of their 

texture^ 



textufe^ tlietr odntaisin^ a niiinbcr of KfaiBntg^. 
I^^iiilfe^ ^nd tlietr having: a blatk or f^ey eth- 
\mLt^ ; .llimr ^rismatie form proceeded^ as 1m 
thought^ from their having been in fusioiif • 
This account was published by himself in the 
Paris Memoirs for 1771 ; but k ^vas mentioned 
long before^ by Mr. Montet, in tliose for 17*66. 
About the «ame time lie discovered articulated 
basaltic -columns near the village of Rochefort^ 
and founds by comparing them M'ith those of 
the Giant's Causeway of the county of Antrim^ 
that they were of the same nature ; both he 
pronounced to be undoubtedly voicanic. 

Most of the prismatic masses which he aflcr- 
wards discovered announce clearly» he leTls us, 
by their situation (at the extremity and borders 
of curreais of melted matter;}; )j their origin and 
nature^ viz. that of compact lava ; yet some^ in 
consequence of sul)sequeut alterations of the 
|)rinaitive di«position of these currents^ cither 
by derangement from posterior eruptiotas^ ojr 
degradations caused by streams 6t water, no 
IcKiger (p4reserv« their ancient connection witli 
tliese currents, andlience are found on insulated 
summits, whose basis or ui^der strata have been 
attacked "by fir^ § ; often also does it happea 
that they liave no -connection with interrupted 
currents, or even with vdlcanos ; in these casea 
be supposes them to have been melted wbex^ 
they stand, and tlmir volcanity is, he thinlcs, esta- 
blished by their colour, grain, a»d the scoriae, 
baked earth, anil spongy substances^ that con- 
atarttly «ccoii.?'ciiv th€!m. 

Cf anitc, he iblter wards tells us, is the motlier- 
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slone^ by wbose Ctmon b«sa) t ia produeed ^ ; seoH 
sible, however^ tbat he had as yet offered no 
Mtis&etory proof that. these basal tic pillars were 
real lavas, and w^isUtng to obviate the strongs 
objections of the celebrated Wallerius, who 
insisted that lavas were essentially pocous^ \it^ 
adds, that he hsd viewfed actual volcanos, ind 
in the torrents of lava issuing* from them bo bad 
observed the upper part of the bed to be spongy, 
but that the lower part, bad always an unifof an 
compact ^ain like basaltf . 
. In 1771, Mr. Raspe, in an ingenious treatise 
pn some German mountains, which be supposes 
to be volcanic, for much the same reason as 
Mr. Guettard, ha^ard^d a conjecture, that tbo 
basalts found in them were lavas that broli;^ 
their way immediately into the sea, or at least 
were foroied in cixvcrns and boles under its level, 
at the time that the whole earth was .dQlugcil 
by it. 

. In 1774, Mr. Monnet, in answer to an obj^sc-* 
tion of Mr. Gueitarirs, that it was absurd to 
su|»p0se, that during the aie^ttation and tumuU 
of a volcanic eruption any thing libe areolar 
crystaJiization could be fortoed, threw oat a 
suspicion, that baaalis were crystallized in tbo 
bnsoai of the volcano ia >^'bich they were arigi'- 
Daily fused];. Tl^e same conjecture otcwtt^ 
also to Mr. Gerhard 0{ Berlin, in I7SH. 
• in 1777, the volcanic liypotJie^i^ ns^t wilfc a 
fdraddabl^ ad^rersary «« tkt celebratod B<v^* 
maa, wbo, after weighing with the greatest 
inpartiality the argiii»enis prodiic^d aadutlmr 
side, decidiMl in favour of its pr4Hlu^tiyH » Ifae 
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moisl waj^ His oL|ection8 to the Tolaune' 
origin will presently te* stated. 

In 1786, the Rev?rend Mr. Hamilton pub- 
tisbed his verj entertaining Letters concerning 
the Northern ^Coast of the county of Antrim^ 
in \irhich> with great ability^ yet with some 
hesitation, he supports the volcanic origin 
of the Giant's Causeway^ and other basaltic 
columns of that county, and endeavours to 
prove that they were crystallized by tranquil 
fusion and slow refrigeration, in the very foctt» 
of a volcano. This opinion, though liable^ 
as we shall soon sec, to insuperable difficulties, 
obviates many of those that occurred in former 
theories, and was, therefore, readily embraced 
on the continent. Baron Yeltheim in par* 
ticular, who had long before entertained the 
same notion, published an able defence of it 
in 1787. 

After so much had been published on this 
subject, the reasons adduced by both parties 
appeared to balance each other so nearly, that 
many suspected that basalts and traps might 
originate in some cases from fire, and in others 
from water : i^'erber, and, finally also, Mr. 
Gerhard, declared in favour of this double 
origin. But it found its firmest support in Mr. 
Doiomieu. His opinion is, that basalts, exist- 
ing in the neighbourhood of actual volcanos; 
and (what he supposes) extinct volcanos, were 
formed by the sudden refrigeration of compact 
lava, flowing either into the sea, or existing in 
some other circumstances productive of sudden ^ 
cooling; hence he thinks that basalt was not 
crystallized, but owes its prismatic shape to 
sudden bursting^. In countries, however, in 

* Notes on Bergm. 57. 37 Roz. 197. 
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trhich no volcanic vestiges can be traced^ lie 
thinks it^ like other stony masses^ of Neptunian 

origin. 

The period, however, at last arrived, at which 
all volcanic systems, however modified, received- 
a deadly blow. Mr. AVcrner, of Friburgh, the 
most eminent and judicious mineralogist that 
has yet appeared, having casually observed the 
transition of basalt into wacken, of wacken into 
clay, and of this clay into mere quartzy sand, 
substances that were never suspected to have 
any. other than an aqueous origin, by an easy 
application of the simplest fundamental laws 
of Mineralogy, inferred that basalt must also 
have been formed in the same fluid. This im- 
portant observation (or rather the consequences 
deduced frorn it) was afterwards controverted 
by Mr. Voight, a mineralogist deservedly in* 
high repute, in my opinion, however, with little 
success*. Observations were henceforward mul- 
tiplied on most of the German mountains, that 
bad heretofore passed for volcanic, and many 
wererevcndicated to Neptune's antique demesne. 
Of these observations, those of Mr. Reuss on 
the Boliemian, and of Mr. Nose on the hills 
. contiguous to the Rhine, are worthy of parti- 
cular attention. 

During this controversy, many impartial mi- 
neralogists, wishing to see the merits on each 
side compendiously stated, Mr. Hospfner, of 
Vielj in Switzerland, a mineralogist and chemist 
of distinguished merit, generously offered a pre- 
mium of 25 rix-dollars to him who should give 
the most satisfactory answer to the following 
questions : What is basalt ? Is it volcanic, or 
is it not? The premium was adjudged to Mr. 

* 2 Bergin. Jour. 1/83, and i Eergiu. Jour. IJSQ, 
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Weidemaq^ a disfiple af Mr. Wemef '■, Mria 
CQmb^M the yolc^mc theory ; np\ lif cause th^ 
controversy was thought to be irrefragably ie- 
cided^ but on s^c^coupt qf tbe masterly inaiuier 
in \vhich lie bandied the subject. 

It pow reqi^Bs^bat I sboqld st^te the reasQoa 
thfit impress papvictiop op my wind, that neither 
basalt nor trap are of volcaqip prigin. la doing 
tbis> I shall at the same time meet the argu- 
m^Pti fidduced in support of the diSerent modi- 
^(^^tionp of tb^ volcanic theory already stated. 

The first ciFciimstfince that strikes me very 
forcibly, and operates equally against all the 
yolf^apie theories, is th^ tqtal absence of every 
internal mark of fusion. JSasalt, I mean the 
inost perfect r)&gn)arly figured prismatic basalt, 
k ^ heavy perfpctlv compact body> whose fracr 
tnre discovers a nqe splintery or earthy frac* 
tvrp> destitute pf all lustre, except that which 
proceeds from a few dispersed glimmering par- 
tif:lfs of hPF>^bIeode crystals. Jn masses of 
severM feet ui length I have not been able to 
^ discover tks si^iillest internal cavity, either in 

^at of the Giant's Causeway, por in that of 
Stoipe ; npr has Mr. ]$ergman ip those he exa* 
miped*. N9W, all fpsed earthy substances pre- 
sent either a porcelain grain, always glazeid if 
th(^ fusion expended to even one-half of the 
whole^ or cppchoidal and glassed if it eiitended 
farthei*, 9Ad spline air blebs, even if converted 
into glass ; therefore basalt wa^ts the peculiar 
marges of fusion. 

To this plain reason several a^n^wers have 
be^p given. According to Mr. Hamilton^ all 
th^ b.asalte he has seep, exhibit, in one part .of 

* a BcTffa, 211. Van troii, 368« 2 Guettard's Me- 
moirs, 25J. 
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othefr of their substance, air-»holes; and it is 
remarkable (says be)> that even the pillars of 
our Giant's Causeway, which . are singularly 
compact, have their upper joints more or less 
excavated * ; and for this he appeals to a view 
of those of Dublin college. The gross pillars 
in the capes and mountains, he tells us, fre- 
quently abound in those air-hol^, through all 
their parts, which sometimes contain clay, and 
other foreign bodies, and the irregular basaltes 
where the pillars cease, or which lies over them, 
is, in general, extreu^ely honey-combed, con- 
taining in its cells crystals of zeolyte, brovra 
clay, or steatites, &c. 

After reading this passage, I carefully exa- 
mined the pillars in our college, and founds in 
truth, that in some part, namely, in the top of 
each pillar, there were two or three minute 
cavities of the size of the head of a pin, and 
one-twentieth of an inch, perhaps, in depth, 
and no more, in the space of twenty square feet. 
It is plain, therefore, these arose from decom^ 
position, or external accidents ; for, if they 
proceeded from internal air, they would have 
penetrated ^much deeper into the body of the 
stone. This Mr, Dolomieu acknowledges, and 
gives even as, a criterion of stones really vol- 
canic, ^' I pori esistono neir interno equalmente 
inquelle pietre che realmente sono di volcanica 
originef ." But in the interior of these basalts 
not the smallest pore appears. Of the opacity, 
dulness, and texture, of these stones he takes no 
notice. As to the holes in the irregular basalts^ 
it appears, from his own account, that they 
proceed from the decomposition of other stones, 

♦ P. 149. 
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thit ivtfe pratidiiily MfitttiiMsd m tbem* Tbmt 
many bt theni contaki €lay> »teatiM9> or walyte> 
is ao evideat proof that they ara not volcaiiic ; 
^, th6 fire that could molt th%m would evi^ 
diMntly harden the steatitetoj bmrdeo or molt the 
brown elay, and certainly unelt the aooiytM, 
which are not even deprived of their water 0f 
cryBtallization. Mr. Yotght^ a sealom atiekler 
for the fusion of basalt^ answering thit objee*- 
tion, contents himself with Mtying Uiat uiM^ 
basalts are found not entirely 4eMtUtt ^fp^te^^; 
admitting thereby^ that many, if not mcMt, are 
free from them ; and that those that have any 
have but few . Now^ if any be destitute of them, 
we cannot hold them for real lataa^ and those 
that have any ( since they are all of the MUne 
origin ) must derive them iVom some other eauie 
than the expulsion of air by fire. 

8nd^ Mr. Dolomieu answers this objeetiM by 
allowing it to be true tn every point of \Hew^ 
and insisting that the igneous origin of basalt 
ean be proved solely by local circumstances. In 
his Notes on Bergman^ p. 59, he tells us^ " It 
is very true the lavas of prismatic columns, 
and all other compact lavas, preserve no ap- 
pearance whatever of fusion, when cold, be- 
cause lavas are not vitrifactions ; volcanic 
fire does not commonly change either thfe 
grain, texture, external appearances, nor the 
essential qualities of stones, to which it 
has nevertheless communicated a €onsider«> 
able degree of liquidity to make them flow 
in a torrent/' And, in the preface to hi% 
account of the Pontian islands, he asserts, ^' that 
'^ volcanic fi're does not act like the fires of ootr 
^ furnaces ; it produces a liquidity that does 

* Minendogisdt and fieigm. Abhandv .171. 
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Mt f esembte Titrilbetkiii ; it b^s bo inteniity^ 
nd cattnol nitrify the most ftisiMe sub^ 
stances^ such a$ skorK It produces liquid 
'^^ ditj by « wrt of ditfoitttioa> bj' a simple 
dilfttatioDi wbich permits the iutc^ wt pmrts 
to slide orer Aach other ; and^ perhaps^ by 
*' the assistance of another mattet i^hieh is the 
'' kstrument of fluidity/' 

If .the aetioo of this Are were really dilE9rent 
froB that of all fires with which we are ac«- 
quainted^. it would be impossible for us to affirm 
or deny avy thing concerning it ; bnt^ before we 
admit such a mystery^ we should be well aflN> 
sured of its existence : iti truths the Hubiitance^ 
called compact lava, ^as never really fused, 
but rather diffused through liquid bitumen, or 
bitumen and sulphur> as I have already observ- 
ed in treating of that substance^ But regular 
basaltic columns^ such as are here meant^ were 
neither fused or diffused through any substance 
liquefied by fire^ though in all probability they 
are one at least of the mother-stones out of 
which lavas are formed^ as Mr. Werner has 
most ingeniously and happily suggested. 

As to the absence of all signs of vitrification, 
Mr. Hamilton answers^ '* We are to consider^ 
*' that substances in fusion are very differently 
affected^ jn proportion as tliey are more or 
less exposed to the access of fresh air ; the 
presence of this element being absolutely 
necessary^ in order to deprive a body of its 
phlogiston : thus metals^ which may readily 
be vitrified by exposure to heat^ and the free 
afflux of air, will yet bear the most interns* 
notion of fire in close vesseU, Ifrithout being 
deprived of that principle. Basalts may have 
been therefore subjected to a very gtfeat 

c c 3 '' degree 
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'* degree of beat^ and yet shew no marks of 
'^ vitrification ; and hence it may be explained 
'* how it comes to pass^ that the iron principle 
^' of the basalts still retains its phle^ston, act- 
'^ ing so sensibly on the magnetic nMdle/' 

In reply to this^ little need be said ; basalt is 
not a metal^ but a stone^ and air has nothing to 
do with the yitrification of stones ; if it had^ 
basalts^ whose iron he says is still phlo^ti- 
cated^ could not be vitrified in close vessels ; 
the contrary of which is notorious. I have . 
myself constantly vitrified it in close vessels ; 
so have Mess. Pott, D'Arcet^ Gerhard^ and 
others. If the iron in basalt were in its metallic 
state^ it would not unite with the earths at zXl, 
but separate from them, as I know by expe- 
rience ; to unite with them, it must be in that 
semi- calcined state which leaves it at once mag- 
netic, and a medium of vitrification ; if it were 
more calcined it would not promote vitrifica- 
tion, as is well known. 

Mr. Yoight admits the possible absence of all 
signs of vitrification, and in so doing admits the 
absence of all fusion, as the fusion of stones is 
nothing else than a more or less perfiset vitrifica- 
tion. But he objects that many recent lavas of 
Vesuvius present as few signs of fusion ; and 
yet it must be allowed they were once fluid. 
Mr. Voight's mistake in this instance is cer» 
tainly very excusable. He was led into it by 
the faulty descriptions of almost all the oh- 
server^ of actual volcanos; they almost all 
mistake the flowing of lava, for the fusUm of 
lava, though its flowing proceeds almost solely 
from the liquid bitumen with which it is mixed; 
as the flowing of mud proceeds from the water, 
and not from the- liquidity or dissolution of the 

earth 
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tearth it contoins. - Hence Mr. Doloroieu^ the 
most sagaeiottfl^ exacts and philosophical^ of all 
of thesis aHows, in the terms already quoted^ 
that volcanic fire has not sufficient intensity to 
vitrify even the most fusible substances : this^ 
however, roust be admitted with some restric- 
tion, as vitreous lavas are sometimes found, 
though rarely, and stories more abundantly; 
but where any real fusion has taken place the 
vestiges of it are sufficiently discernible. It 
lias occurred to some, that basalts and compact 
lavas may have been in real fusion, and yet by 
cooling slowly all macks of it may have been 
obliterated, as happens in the fusion of glass, 
by Mr. Keir's account ; but Mr. Keir does not 
say that all marks of fusion disappeared in his 
lexpniment, but barely, that the glass crystal- 
lized and became semi-opaque. I have some 
now by me, that cooled slowly in Mr. Dean's 
glass-house, part of which is crystallized and 
semi-opaque, but retains all the sharpness, 
lustre, and rigidity of glass; but the compa- 
rison of stony substances and glass is essentially 
defective ; for, the salts that enter into the com- 
position of glass evaporate in great measure in 
a strong heat long continued, and leave the other 
ingredients nearly in their primitive state, and 
almost as infusible ; whereas, in the fusion of 
most stones in our furnaces, nothing escapes but 
water and air, and the alteration they thereby 
receive must fbr ever remain. Basalts in par- 
ticular are as fusible as they can be supposed to 
have ever been. 

The second reason that appears to me a de- 
monstration that basalts nor traps were never 
subjected to the operations of heat is, that they 
contain substances in a state absolutely incom- 

c c 3 patible 
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pttible with tHch operatuiiis ; for kutante, 'Hutj 
contain mild calcareous eartb^ as an eMential 
ingredient in their eompositioD^ whidi must 
necettarily have been calcined^ at loasl in ihe 
superficial parts of those basalts^ in a heat mueh 
inferior to that which could fuse the basalts. 
They o ften contain xeolytes^ which must at laest 
have lost their appropriated water ; tbej contain 
hornblende crystals^ which yet are fusible, and 
consequently destructible in as low a heat as 
basalt itself; they ofken contain calcareous 
spars, which must have been decomposed in the 
0ame heat, nay mere, neither calcareous spar 
por ^eoly tes are ever found in any modem ( that 
is to say, in any undoubted) lava, as Mr. I>olo<- 
mieu acknowledges. Ponces, 4M. 

Neither Mr. Hamilton nor Mr. Voight taka 
any notice of this objection. Mr. Dolomtett 
eodeavQurs to evade it, by allowing the liquidity 
of lava not to proceed from fire. With re^ 
^pect to shorls, he expresses himself thus : '^ It 
'^ no lonfrer necessary to refute the opiqioa of 
^' those V ho have believed that the shorls of 
'^ lavas were products of fire, and that they 
^'' were formed either during their fusion of 
'^ their cooling; it is too evident that their exr 
^' istence preceded the fusion of lava*^;'' apd 
again, '' It will be still more extraordinafy ta 
'' find, that shorl, so fusible a substaaet. Km 
^^ not received the smallest alterati<m, has pre*' 
^' served its angles, its hardness, its iiriwpal 
^* texture, and, in general, all its pr^>orties. 
'' How has it happened that this single obeisr^ 
'' vatioa has not indicated that tba fusiM of 
^' lavas has no relation to the vitreous fMlMt 



■w 



'^ which 



BAtiLtT. asi 






nvliieli we opet ftte in our fttra%ct9 ? I cfto-* 
iM>t> tberefofo^ too often repeM> tkot the 
fluidity of larat is not a Titrificatioii; they 
flow^ becauae thej are earried off by a sub*« 
atanoe oxtremely fuaible^ vhich burpt at the 
•ame time ; and \?hen tbey congeal^ it U less 
^^ through the eeuatioo of heat thao OQ account 
^' of the entire combuation and dimpation of 
** the matter that operated their softpeas/' It 
18 surprising he has not named bitumen^ whose 
operation he so justly describes. But why has 
not the substance which aoftened lavaa and left 
them poMUfl, also softened shorls and zeolytes^ 
and tendered them porous ? 

I shall now proceed to shew the iniufBciency 
of the principal Yolcanic theories of tbo for- 
mation of basalt> beginning with Desmaretz^s 
as the first> and still the moat generally received. 
This ingenious academician supposes that ba- 
salts were formed by the cooling of lava 
erupted from ancient volcanos ; if so^ we should 
naturally ei^pect to find them in the currents of 
modem volcanoa; yet none are found. Mr. 
Hamilton allows this^ and thinks it a strong 
proof of the truth of his own hypothesis ; Mr. 
JDolomiou assures us^ that, of the modem tor^ 
tents of lava feoaa JStna, many have been 
flawed by cooling m the open air, yet they pre* 
oeni nothing but irregular masaes; many also 
o# the more ancient bedo of lava havo been laid 
^len^ but prisma were never found among them;, 
nor were an^ found in the caverns of Monto 
Mtmam, not m the subterraneous galleries of 
thoee enrcMta. Poncea, 446> 447. Crioeni, io 
bis eatalotfuo jU the minetala of V etuvius, eOf* 
tirety omtto thorn; and telle us> ** the basalta 
^' are certainlji ol vo lo an ic origin, yet volcauoi 
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in our days seem to bave lost the power of 
prodacing them/' Introduction, LIII. 
Perhaps I may be told that Sir William Ha*- 
miltoD observed some basaltic pillars near Torre 
del Grsco; biit Sir William's own words are^ 
'^ The lava of Vesuvius that runjs into the sea 
near Torre del Grasco^-has an evident ten^ 
dency to the basaltic form ; on Mount Ve- 
suvius I never saw any thing like basalts ex- 
cept that at Torre del Greco^ and some.fragf* 
ments thrown up by the eruption of 1779*." 
Of the latter we shall presently speak^ but the 
former were not basalts^ as it seems; for^ 
Gioeni tells us^ '^ I wished to verify the basalts 
*' which I was told were to be found on the 
sea-coast near the park of Portici^ but I 
discovered nothing but a course of compact 
lava with very irregular perpendicular fis- 
'^ sures, whence resulted quadrangular and 
'^ trapezoidal columns. Such fissures are of- 
*^ ten observed in tufas^ and earths of difierent 
kinds^ and can impose on no one^ habituated 
to distinguish their true cause. The only 
'' basalts I found on Vesuvius were those 
'' erupted in 1779, which were collected by Sir 
^' William Hamilton." It is even doubtful 
whether what he calls compact lava be really 
such, as most of the volcanic observers have hi- 
therto confounded the mother-stones of lavas 
with lavas themselves; as to the fragments 
ejected we shall presently have occ^iQn to 
mention them again. 

This theory having appeared unsatisfactory 
to many of the volcanists. themselves^ the^^.next 
devised that which ascribes the formation of 

* Pha. TnuJi. 1780, p. 876. 
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basahic columns to crystallization in the inside 
of the volcano^ on the very spot on which it was 
originally fused. Common trap, or, as they 
call it, imperfect basalt, they still ascribe to 
effusions of melted matter; in the first case 
perfect rest, and the most gradual diminution of 
temperature/ have permitted the parts of the 
melted mass to exert their proper laws of ar- 
rangement, so as to assume the form of colum- 
nar lava. 

. This hypothesis explains perfectly well why 
modem yolcanos exhibit no basalts; '^ we must 
'* wait ( say its patrons ) until they are burnt out, 
'^ when the immense vaults which now lie 
within their bowels shall fall in ; then we may 
expect to behold all the varieties of crystal- 
lisation that take place in these vast labora- 
*' tories of real nature." 

But if this hypothesis gets rid of some diffi- 
culties, it is pressed by several others that at- 
tend it on every side, to say nothing of the ge- 
neral objections already mentioned. 

1st, Almost all crystals have a lamellar, some 
few, perhaps^ a striated, or perfectly uniform 
and vitreous texture, and none whatsoever an 
earthy fracture. But basalts present an irregu- 
lar earthy grain, without the smallest tendency 
to the lamellar. 

Snd, All crystals have a smo6th, and, at least, 
one polished surface, or, if not exactly so, one 
sees at least that the asperity or inequality of 
their surface proceeds from the fracture of 
some of the lamellas, or the adherence of some 
uncrystalled substance; but basaltic prisms, 
though they shew an even, yet there is nothing 
like a smooUi or polished surface, or any vestige 
of fractured lamellse. 

3d, All 
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3i, AH crystals present €lther one r^^kr 
formj or forms^ thtt^ one way or other, may ba 
deduced from one regular form^ as Abbe Hauy> 
and Mr. Rome de .Lisle, have abuodantly 
proved ; but basalts are found of all forms^ 
trigonal, quadrangular, pentagonal, hexagonalji, 
octagonal^ dc. as chance directs. 

4tb> Crystals are forned under some determi-t 
nute angle, but basalts have none that can be 
deemed common to them ; nay, sometimes they 
are destitute of all angles, being cylindrical, 
oroTal*. 

6tb* Basaltic pillars are frequently arti- 
culated> a configuration never observed in true 
eryntals. 

6th^ Mr. Hamilton observes, that basaltic 
pillars are of a looser and softer texture at the 
top, but true crystals are homogeneous, and of 
the same texture throughout : this differenoo of 
consislencie is very common in uncrystallized 
atoiios, as argillitesf, and even quarts;};, but 
never in the crystalliaed^ except when beginning 
to bo decomposed ; therefore^ basalts dii^r from 
crystals in every point of view^ ejicept ip pos« 
lessing in common vith them a regular polygon 
^nre, a figure often observed in marls and par** 
pbyries^ whoso crystallization was nevor sus* 
pec ted. 

Hence the late excellent evyslallograpbsst^ 
Mr. Horni de Lisle, whose willingness to 0Bd> 
tpd fiagacity in traein^^ cvyttalline forms are ae« 
kpowkdged^ though tie at first admitted ba« 
salta among them^ yet^ in his second edition, ms 



^ Fsui Mineraloe. def Volcgns. €%sp. IX. 

t See* Guctbard, Mem. fax. I757,9^l^v$, Bartx, lOf, 

t Uum^ Ibid. \Z7. 
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«i»ture 6W8ider«tioo> he hM excluded tbem; 
'^ tbeie €rystAllifoirin PM^sei (sny^ be) ure nl^ 
'^ ways the prpducU^ QOt of ft true crystl^l'* 
^^ Uf«tion^ but of It heterogeaeoufl matter^ not 
'' diiAolyc4> but preeipitated uuder m ijrref ulav 
"^'^ f^ruij and afterwtrdsj either bv deniceatiea 
'' or cooling, bufft or eoDtraeted into priiiu9 
'^ of a greater or leseer number of «ide9> but 
' always indeterminate* In vain should one 
seek in these pretended crystals, either a conn 
stant parallelism of the planes> or a deter- 
minate measure in the angleSj &c,'' 1 Cry9^ 
tallogr. p. 439. 

Besides, it is well known that no subitanee 
can crystallize either in a menstruum^ or from a 
solution by heat, unless it be %o perfectly dis« 
solved, that its parts have liberty to arrange 
themselves according to their peculiar attrao 
tioQs; %o that> if they crystalline from a state of 
fusion, the fusion must have been thin and per*, 
feet: now it is evident^ from such fpsionj glass 
or enamels must be formed^ unlesi the moat fu« 
sible parts be dissipated or separated ; which ia 
not the case in basalts, since in their actual itate 
they are easily and perfectly fuaible« ao that we 
have bereiB a demonatration, a priori^ that th^p 
are not formed by crystalliutioa in the dry 
way. 

Again, baaalta are frequently femd ea the 
summita of mountains ; bo^ than can their foi« 
mation be confined te internal cavitiea? Mr» 
Deamaret^ found them on the summita of Pujp 
de Beaelles, Puy do TreuiU Puya d'firagMt^ 
Put de Ma^eirea, dko. in A«Yef^i Mr. 
Haick on that of Oetteeer, near Kawgat^e^ v^ 
Mivua; Mr. Vo^ht ee Uiat of FraneebMg; 
and vaay othof a« in the dieeeae ef Fidde s aid 

Mr. 
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Mr. de la Foods unc naiiltitude de g:rands pies 
courroDD^s par des cbaussees de basaltes en 
prismes. Volcans Eteints, 3S7. 

To obviate this objection^ recourse has been 
bad to various suppositions grounded on the 
ancient revolutions of the globe^ b j which it is 
imagined these hills vrere in part destroyed^ and 
only those parts left which support the basaltic 
pillars; but is not this explaining a /acf by a 
possibility? What proof can be adduced^ not 
of a revolution^ for that is admitted^ but that 
this revolution has changed the state of these 
hills ? How can this general agent be with any 
probability applied to this particular case? 
This is what is required^ otherwise a principle 
is assumed that is the subject of debate ; it were 
strange that such convulsions as should rend 
mountains should leave the basaltic pillars up- 
right^ and standing in their respective sockets^ 
as those do on the coast of Antrim. 

Another insuperable difficulty attendant on 
all the volcanic theories^ but particularly this 
hypothesis^ is^ that basalts stand on or adjoin 
substances^ which appear not to have suffered 
in the slightest degree^ or to have been at all ex- 
posed to heat. How is it possible that such im« 
mense masses should have been in a melting 
heatj for a considerabre time^ and yet that the 
adjacent stones^ or earths^ should not have 
been at all altered ? All tbis^ however^ must 
have happened if basaltes were formed^ as the 
theory which I now consider demands; for^ it is 
found on limestone undecomposed^ on gneiss 
unaltered^ on sandstone unmeltedj on coal^ and 
even intercepted between strata of coal. 

Desmaretz felt this inconsistence^ and endea 
vours to explain it away. '^ Most of the pris** 

'' matic 
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matic masses ( says he ) announce clearly^ b j 
their situation^ their origin, and nature of 
compact lava; but some of these masses, in 
consequence of alterations that have visibly 
taken place in the primitive disposition of 
the currents, either in the tumult of pos* 
terior eruptions, or more especially by the 
degradations arising from water, have no 
longer preserved their connexion with these 
currents, and in that case we find these pil- 
lars single, perched en insulated summits, 
whose basis is a substance no way injured by 
fire/' It is surprising, however, that water 
should sweep away the foundation on which 
they stood, and yet leave them standing; but 
even this harsh supposition will not solve the 
difficulty. Mr. Faujas, near Villeneuve de 
Berg, found masses of limestone and basalt ad- 
joining to each other^ and even incorporated and 
mixed with each other; he examined the lime<- 
stone thus mixed, and instead of finding it 
caustic, as should naturally be expected, it ef- 
fervesced as usual. In Leske's Cabinet, G. 
294, we meet with basalt stuck in granite, and 
yet the felspar of this granite retains its lustre, 
imd the quartz its transparency. 

Dr. Hamilton does not seem willing to allow , 
the fact ; he tells us^ he found the flints inter- 
mixed with basalts, opaque and shivery, and 
the coal as if it were glazed, and charred, re- 
fusing to inflame. ' As to the flints, it is so com- 
mon to find them dull, whitish, and opaque, 
in countries most certainly not volcanic, that 
this indication cannot be much insisted on. As 
to the coal, it requires more consideration ; hi 
the first place, it is plain it cannot be charred 
by melted basalt lying oji it, for this would pre* 

vent 
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jmu ihm disfipntUm of the elaitie iaids ncrei^ 
lary ta its ekaf red sute. The truth is^ th&t 
the cmI which is ofteo found thas free, or 
nearly so from bituflieii^ is the naturtl carboBite, 
or cMhooic iubatnce^ which occars elsewhere, 
u well ai io bnsaltic eomitries ; m certain sign 
that the heat of baialt had not deprived it of 
its hitomen ts^ Uiat bituminous wood is fre- 
quently found under basaltic masses* 

The next hypothesis that occurs to our coil'- 
sideration is that of Mr* Dolomieu. This^ it 
must be owned^ escapes most of the objections 
asade to the fornusr theories; it erades those 
made to the fusion of basalt by allowing it was 
never really fused; those uiade to its crystal* 
lisation^ by attributing its prismatic form to 
sudden cooling, chiefly by flowing into the sea ; 
and those arisinr from its situation on the sum* 
mit of hills totally uncoonected with any thing 
Tolcantc> by allowing that such basalts are not 
of Tolcanic origin. 37 Roz. 1790. Hence it is 
plain Mr. Dolomieu gives up almost every 

Coint in dispute^ yet he still maiutains that the 
asalts found in the neighbourhood of some few 
living volcattos^ and in those which he supposes 
to be ancient, and now extinruished volcanoa^ 
to have been once rendered liquid by fire, 
thnngh notfuied in the manner that earths and 
nones aM in our fbmaces. We must, therefore^ 
shew the futility^ or the insufficiency of eadi 
of theit grounds, for attributing to basalts n 
vnlcmie Ofigin. 

And firsts aa to the sort of fusion he contenda 
finr^ uttlesi be means the liquefactaon by means 
#f bttmseD, it is utterly iacomprehansible. 
TUa latter it intelligible, but will tmt nAswer 
hiayntponi^ Ut ovm tkb sort of lussou will 

render 
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tender substances that undergd it -pcfto^t^ at 
least in some degree^ as we see in genuine com* 
pact lava ; it will deprive zeolytes of the watef 
of crystallization, and dull the lustre of shorb> 
for we see the felspars^ and white garnets of 
modern lavas, thus a€ected. 

2nd, The effusion of melted lava into the 
sea, would not barely split it into prisms^ but 
fritter it to pieces; this I have experienced by 
pouring melted basalts into watery and throw- 
ing a crucible filled with it into cold water. 

dd. The circumstance of the vicinity of ba«^ 
saltic prisms in the sea adjoining the actual vol** 
canos of the Sicilian island, either proves no^ 
thing, as it doel not follow that they are rather 
the effusions of those volcanos than the mother* 
stones out of which lavas are formed ; or, if 
we couple it with the above experiment, it »<• 
ther proves that they are not lavas. 

4th, The discovery of basaltic pillars in 
ancient but now extinct volcanos, is undoubtedly 
the corner stone of all the volcanic theories^ 
particularly where they seem accompanied with 
pouzzolana, volcanic ashes, pumice, tufas, Ac. 
However, it never once occurred to the na* 
turalists who made this discovery, that the ba* 
salts might be the mother^stones of which lavas 
were formed, a supposition infinitely more eon<- 
sistent with all their properties and relations 
than that of their being themselves lavas. 

Yet I am far fhxn thinking that all the mbim^ 
tains in which basalts are found, seemii^ly mk 
companied as above mentioned^ are Iq reality^ 
tolcanic ; ftw df those who have observed tbtai 
have given any proof that the substanoes on 
which they bestowed the name of porous Iava» 
pottUoIaQa) tokamc esbes^ Ae. were that, in 

reality 
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reality which their names import. Mr. White- 
hurst^ and others^ have bestowed the name of 
lava on the toadstone of Derbyshire, the row- 
ley ragg, and whinstones ; yet Mr. Ferber, and 
Faujas de St. Fonds, both sufficiently expert in 
detecting lavas, deny these stones to be really 
vdlcanic; and Dr. Priestley found their aerial 
contents very different from those of genuine 
lavas. 

The stone called wacken has often been taken 
for indurated volcanic ashes; decayed traps, 
and porphjrries, for pouzzolana. Real pumice 
is indeed volcanic ; but it is often found at 
great distances from the 'places that gave it 
birth; hollows formed on the tops of hills by 
water, or by shepherds for shelter, have been 
taken for the mouths of volcanos, from which 
streams of lava have issued sufficient to cover 
countries some hundred miles in circumference^ 
though these were often but a few feet in diame- 
ter ; where no such hollows were found ( and 
this is the most common case), they are sup- 
posed to have been destroyed by some subsequent 
revolution; where the pretended lavas alternate 
vnth marine exuvia, this is attributed to suc- 
cessive alternating revolutions. The sublimity 
and marvellousness of these stupendous opera- 
tions, supersede the necessity of proving them : 
yet, even in works professedly designed to excite 
these emotions, it is a rule, nee Deus intersil 
nisi dignus wtndice nodus, much less should 
these revolutionary principles be admitted in 
natural philosophy ; regularity and uniformity^ 
being the great character of the ulcerations of 
nature, unless their vestiges be fully and incoD'- 
tettibly established. 

Let it not be thought presumptuous, in those 

wh# 
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Dvbo bave not seen Kving VoIciuim; to contest 
the volcanic character of fossils ^ith those who 
have long and often contemplated those great 
phenomena; for the. most ingenuous of those 
who have beheld these eruptions^ acknowledge 
that very little is to be learned from them. 
Collini^ who twice ascended Vesuvius, and wit- 
nessed its eruptions, complaioed that he was 
thereby no . way forwarded in volcanic know- 
ledge. . Strange affirms that the view of extinct 
volcanos is much more instructive. '' The 
phenomena of recent volcanos ( says he ) are 
very little calculated to give us much in^^ 
struction. A few days tour in such coun- 
tries as Auvergne, Yelais, and the Venetian 
state, are worth a seven years apprenticeship 
'^ at the foot of Vesuvius or iEtna. In effect^ 
lavas, pouzzolana, tufas, &c. may as well be 
examined at a distance as in the neighbour^ 
hood of volcanos, and are. generally brought to 
distant countries as objects of curiosity; but 
•amygdaloids, and , decayed porphyries, and 
wackens, which bear a strong resemblance to 
volcanic products, are not much attended to^ 
.nor commonly known by volcanic observers, and 
.hence when they quit real volcanic countries, 
and meet these, they mistake them for those pro- 
ducts to which their eyes were accustomed; and 
form theories possibly very sublime, but per- 
,fectly romantic. 

Sir William Hamilton discovered; a few 
fragments of basaltic columns, ' ejected by 
Mount Vesuvius daring the eruption of 1779. 
This Baron Veltheim deems a strong proof of 
his theory; namely, that basalts are formed by 
crystallization in the bottom of volcanos; to 
me, however, it seems a decisive proof of Mr. 
VOL. I. D d Werner's 
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WMner'k opnmn^ that iMalto «n4 trapt life tlit 
nmtbenr-fftoaes {Vbemgh not solelj) iif law; 
foT^ in the firet place, k is plain tbese colimni 
werie not fonied by snddtii nfkigtWBtmm, ma 
Mtr. DolotanieQ pretends ; and, in tke toextplace> 
it 18 evidkot that this Taleano being as yet in itt 
vigour (for it haid not cooled aince 1777), the 
ejected hasalt conld not have been formed by 
cryatalliaatioQ on ooolmg ; nor can it be sup'* 
posed to have been formed in any aneient period> 
as the lavas anciently formed as«9t bate bees 
iong before disgoiged in the many ervptiona 
that look place since 16S1 . The most probable 
nccovat> tiiercfofc^ Cbait can be ginn <of it is, 
that, as the t^anic fiflre yearly scoops out the 
Bsonntein to greater depths^ it at last desceiddl 
10 Neptlmian tlones^ which natil then vettiaincfd 
"tthtonched; what add) great probability to* tfaia 
coi^ecltire ia, that Oioeni eapressly remarks' 
that pari of il waa nntouthad by fife. LithoL 
Vesuviiaa. LIX. 

It has beeaiobaerTed^ that brscls and earthen^ 
Wane cknit a clear Sound when atrwck, and^ as 
basalt has also <lii» property, some have dkongbt 
Ihii a proof of ita birring had a "vokamc origin^ 
■ a > t^c <^ctnsg that common roof-sisita possem 
this paoperty, and many fimestones, as Mr. 
SausinreobserTed^ and particntarfy Ulqse oTthi^ 
monirtsM of St. Barbe, in FroTcaoe^ S5 Roa. 
Jour, p. 31; and cycv stalactites. IiasMS^ 
«art%, 198. 

The s m sg not s wn "of some basatls appeara to- 
kome a pcoof tyf voicanityr bat aK basalts ate 
not magnetic^ Baron Yeltfaeim talla us bie 
scarcely met one in a. thoneand that was ao; 
but, if they aU were, this pcopcat}- would not 
decide timr oaigin^ fi^ many slon^ ava magna- 

. . ti^ 
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tie ^vkieli too tme preteads to be Toleiniei For 
instance, gamets, horablendes, the shorlfl, found 
near Geneva, and the metalliferous stone e^ 
Born. 1 Bergm. Jour. 1789, p. 607. 

There is another system which attributes not 
only to basalts, but to all stony substances, aii 
igneous origin ; it is that of Laxaro Moro, ra» 
vived, and wonderfully iniproved> by Dr. Hul^ 
ton, of Edinburgh, well known by his eKcel<- 
leat Essay on the Origin of Rain. This mmf 
be called the Plutonic system. I have endea** 
▼oured to shew its fallacy in a paper lately read 
to the Royal Irish Academy, which will appear 
in the next volume of its Transactions. 

All that has been faitJierto said, tends to dxB^ 
pr<^ve the igneous origin of basaltei, and conse^ 
quently to evince its productionin the moistway; 
as there is no medium between the one and Cm 
other ; I shall now, however, state a few rea« 
ions that point directly to a Neptunian origin^ ^ 

ist. It is vrell known, to those who occupy 
themselves with mineralogical researches, that 
in stones composed of three or four ingredients^ 
transitions or gradations are frequently ob* 
(MTved, from tbe more eimple to the more com<^ 
pound, or vice V€rs4i, or from one species of 
stone to another that bears st a kindred lekrtimB t 
•o that, if any of the terras of 4he transition b^ 
of volcanic origin, the whole graduating series- 
tnnst be of ^ same origin ; a^l, if any of the 
terms be d^idedly Neptunian, the whole «ries 
tnnst be Neptuman. This ingeoioos ted con* 
finding mode of inyeettgafion was dtseotered* 
and, in this case, happily applied, by Mr. Weiv 
mr, on the mountains of Scbeibenber^. Here 
gneiss fbrnts die lowest stratum at bans of tiia 
kill. On this a quartzy sand inuiuaiiatefy ^re^ 

nd S poses. 
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poses^ which is indisputahly of Neptunian ori^ 
gin^ if any stone be so; immediately o?er this 
sand there lies a stratum of clay^ much blended 
with sand ; above that the clay is less sandy ; 
above that it becomes harder; still higher it is 
found mixed with wacken ; still higher the 
wacken becomes harder; and still higher it 
passes, into basalt. Who does not see that this 
whole graduating series of fossils must haye 
had a common origin^ and all to have been 
•formed in the same fluid ? and let it be consi- 
dered^ that wacken must have been formed in 
the moist way ; for^ in fire it becomes remarka- 
bly cellular. Besides^ branches^ leaves^ and 
iroots of trees^ have frequently been found in it. 
•In varioiss other instances^ basalt or trap * has 
l>een fonad to pass into argillites and sandstones^ 
both, confessedly, of Neptunian origin. 
- 3nd, Dr. Beddoes, in the Philosophical Trans- 
actions foir 1791> has shewn, ( though with a 
Tery different intention ) an evident connection 
between basalt, trap, and granite. They lie, as 
he observes, '^so contiguous, and often so in- 
•^^ volved in each other, that one cannot but 
'^ suppose both to have undergone the same 
'*' operations of nature at the same time/' A 
(oncretion of this sort extorted from Ferber an 
avowal that basalt might be produced in the 
moist way. Italij^ 16 Letter. 

3d, Some irregular basaltic pillars were 
lately discovered in Bohemia, containing in* 
durated marl, with the impression of a vege- 
table resembling cerastium, or alpine. 1 Chy. 
:Ann. 1792, p. 70. The consequence is obvious, 
^he great stumbling-block in the way of this 
dherry, and, indeed, of every other, is the dif- 
ficulty of accounting for the regular formatioi^ 

of 
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of the prisms. It, however, is much easier ac-- 
counted for in this system than in the volcanic, ' 
as we can produce many instances of similar 
prisms in fossils undoubtedly formed in the' 
moist way, and none at all of zny undaubUdlij ' 
formed in the dry. This form seems to me to 
proceed from the sudden bursting of basaltic 
masses, whether from drying, or the absorption 
of air, I shall not decide. This opinion is 
founded on the following reasons : , 

1st, In a heap of stones of the species called 
in Dublin, black quarry-sioney extracted from 
a quarry near Palmerstown, and described in 
my Elements of Mineralogy under the name 
of calp, Mr. Gandon, the celebrated architect 
of most of our public edifices, discovered one 
Iving under several others in the area of the 
custom-house, which had burst since it was 
brought there, into regular pillars, some of an 
hexagonal, and some of an octagonal form, and 
some articulated exactly like the pillars of the 
Giant's Causeway. These pillars were at first 
about six inches long, and one-fourth of an 
inch in dij^metcr, but afterwards accidentally 
broken wTien removed to his apartment ; in this 
state I have seen them. One of our commis- 
sioners of the revenue saw them before their 
removal. This stone resembles basalt some- 
what in its composition, but contains a much 
larger proportion of calcareous earth, und a 
much smaller of iron, 

2nd, Mr. Dolomicu, in the province of V6la- 
terra, found micaceous marls to assume a pris- 
Qiatic form on drying. Near Cape del Rove he 
found tufas split jnjo regular hexagonal pTllars, 
six or seven feet long. Mr. Strange disco- 
vered granitic pillars in the Eiiganeop moun- 

D d 3 tains 
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taiiM^ undotibtedly formed in tbe 9ame mantieT. 
Colttoinar porphyries hsTe several times been 
observed. We should therefore no longer 
wonder nt seeing basaltic pillars formed by 
the same accidents. 



THIRD APPENDIX* 

0/ the Chemical Analt/sis of Earths and 

Stones. 

Tms subject, treated in its full extentj^ 
would require a particular account of the man"* 
Tier of analyziqg not only each particular genus, 
but also most of the various species contained 
under those genera ; it is easy to see this would 
require an immense detail ; my intention^ there- 
fore, is to consider these fossils abstractedly 
from all external characters^ and solely in their 
relation to chemical agents^ particularly to 
spirit of nitre, and the vitriolic acid. 

In this point of view they may be divided 
into seven classes : 

1st, Those that are wholly or partially solu- 
ble, and with effervescence, in nitrous acid, 
whose specific gravity is 1,4, or higher. 

2nd, Those that are insoluble in nitrous acid 
1,4, but wholly or partially soluble, and with 
effervescence, in nitrous acia 1,35, in the tempe* 
rature of 60% 

3d, Those that are insoluble in spirit of nitre 
or nitrous acid 1,35, but totally or partially 
soluble, and with effervescence, in spirit of 
nitre J, 10. 

4th^ Those 



fib, TkM6 Ukrnt aire sohibk in vfSini of nilre^ 
in the temperature of the atnoif^iiece^ but withr^ 
eiit effer¥eftceace« 

5tk» Those that a^e aoluble io tke nitiQua 
aeid, vrithout effenietceDce, but only ia tb^ 
temperature of from IbOt to 180% or higher. 

6t^> Those that do uot eflferYeace wil;h tKa 
nitrous^ but effervesce aligbtly with the coucen 
tratcd vitriolic acid« 

Ttb^ Those that are insolubk both io the oi- 
trous and vitnolic acid^ or only very slightly 
soluble, and veith little ojr no eiervescence, 
witiMUt partieular managemeDt. 

Before earths or sftsoies are subjected to this 
test they should be reduced to powder. £iarthit 
in particular should be boiled in sixteen times 
their weight of vsater^ to discover their saline 
contents ; diftiUed to discover their volatile in-^ 
gredientSj and gradually lieated tq redness ia a 
covered, and afterwards to whiteness in an open 
crucible for half an hour, to observe their 
change of colour and loss of weight ; both, as 
circumstances indicate, may be projected on 
melted nitre heated to redness, to discover whe«» 
ther they contain the carbonaceous principle. 

In the present state of mineralogtcal knon^e 
ledge, analysis is become an object of compU-i 
cated attention, as notice must be taken of tho 
nine earths already enumerated ;-rrfive acids, 
namely, the vitriolic, marine, sparry, phos^ 
phoric, and boracic ;-r— five metallic suhstanoes, 
iron, manganese, nickel, cobalt, and copper .•*!« 
Not that all these are ever found in any com- 
pound, but, it being uncertain which of them 
may occur, none of them can be overlooked in 
general analytic formulas. 

D d 4 Tho 
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The cothbiBations of the turig»tentc acid I 
refer to the fourth part of this treatise. 

Before any analysis is attempted, the follow- 
ing substances should be procured in sufficient 
quantity, and in the greatest purity : concen* 
trated vitriolic acid of the specific gravity of 
1,8, spirit of nitre 1,400. 1,250. 1,110. spirit 
of salt 1,12, distilled vinegar, pure vegetable 
alkali, crystallized soda. Prussian alkali, caustic 
and mild volatile alkalis, common lime-water^ 
stronthian lime-water, barytic lime-water, ace- 
tated and nitrated barytes, solutions of nitrated 
calx, nitrated mercury and nitrated silver, sugiar 
of lead, purified chalk, and spirit of wine, with 
plenty of distilled water. 

• 

Of Stones and Earths easily soluble, not less 
than 400 grains y should he employed ; hvty of 
the difficultly soluble^ 200 may he sufficient, — 
Filtres formed of unsized paper, and of dif- 
ferent dimensions, should be had, dried in the 
temperature of 80"*, greased at the edges with 
melted tallow, and weighed; their weight after 
burning should also be known and noted. 

The mouths of the larger vessels should be 
surrounded with wax, and a waxen spout con- 
trived in the part out of which the liquors are 
to be poured. 

Silver crucibles should be employed whenever 
the heat required will permit their use. . 

Other circumstances, commonly known, I 
omit. 

Every step of the process should be regis- 
tered as soon as taken. 
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§ 1. — Of Stones or Earths wholly or partially 
solublCj and with Effervescence in Spirit 
of Nitre, whose Specijic Gravity is 1,4 or. 

' hightr. 

1. Stones iH^hicfa^ Tvhen pulverised, are soon 
and entirely soluble in a heat below 80'', aoA 
lA^ith eflfervescence in spirit of nitre, ^faose spe-^ 
eific gravity is 1,4, at the temperature of 60^^ 
and whose solution is colourless, are either en-: 
tirely calcareous, or consist, partly of calca^' 
reous, and partly of '^muriatic earths combined 
with fixed air. 

2. Howeyer, there are scarce any stones htit 
the purest calcareous spars tlmt are so circum* 
stanced; most other stones of the calcareous 
genus have some sediment undissolved, or afford 
a somewhat turbid solution, or are slightly dis^ 
coloured. 

3. The insoluble residuum may consist of 
mild barytes or stronthiim, or mf either or bothr 
of these combined with the vitriolic, or, per- 
haps, other acids, or of calcareous earth com- 
bined with the vitriolic acid; but most com-' 
monly it consists of argill, or argill and some 
sand of the sUiceoiis kind, commonly blended 
also with calx of iron. 



Examinatitm of the Solution. — 4. The stone 
or earth cleared from all foreign visible ingre- 
dients, and dried as already mentioned, if an 
earth, and hardened by that heat, it should 
again be pulverized, weighed, and put into a 
portion of the acid, also weighed in a balanced 
flask,' that the weight of air lost may be found 
in the usual manner. 

5. After a few hours the. solution should be 

diluted 
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Piloted with diitilled water^ shakeD, tlirAWB tn 
a filtre^ and tbe residuum washed uottl the 
water comes off tasteless^ or gives no preci** 
pitate with a mild alkali ; this residuum^ whiea 
dried, should be added to No. 3. 

€. The Mltttioa should then be gently evapo* 
Mted to a moderate quantity, and treated with 
caustic Yolatile alkali as long as any precifMta** 
tiom appears; this will precipitate the argill 
and calx of iron, sod part of the magnesia, and 
also phosphoric selenite, if theee substances 
exist in it. The precipittte should be well 
washed on the filtre, and the washings added to 
the solution. 

7. The solution thus cleared can consist only 
of lime and some magnesia ; to separate these, 
add the vitriolic acid u long as any prtoipita* 
tion appears, evaporate the liquor to uearly its 
original bulk. No. 4, or farther, and throw the 
whole on a filtre, wash the precipitate with 
dilute spirit of wine, and add the washings t^ 
the solutioD. 

8« The solutimi can now contain nothing hut 
magnesia, and some portion of selenite; eva** 
porate it considerably, the sdenite will fall ; 
throw this also on the filtre, and edulcorate as 
before. 

9. Evaporate the remainder of the solution 
to dryness, and re-dissolve it in pure water, 
adding more acid ; if necessary, precipitate tho 
whole by a mild fixed alkali ; dry the preci«» 
pitate first gently, and then in a heat marly 
red ; its weight is that of the mild magnesia 
in the solution. 

10. Next proceed to the selenite ; thisshouM 
first be gently dried, then heated to redness^ 
and weighed; 100 grains in that dry slate 

contain 



^MmtMEi about 37 ^nios of lime ; but tike best 
method of fiadini; its true contents is to deeoiB«' 
|K>se by boiling it with 1^5 its weight of crjs«* 
tallized soda^ the boiled liquor will leave on 
the filtre the mild calx> which^ washed^ dried, 
and heated to redness for half an bour> should 
be wMghed ;' its piroportion of lime is generaUj 
as 9 to 5. 

Examination of 4he Precipitate, No. 6.— 
11. This may consist, as we haye said, of ar* 
gill, calj: of iron, some portion of magnesia, 
ph^iborated calx, and, perhaps, some siliceous 
eubatance which often passes the filtres. 

18. Let the precipitate be well dried, heated 
nearly to redness, pulverized, wdghed, and 
heated with four times its weight of pure 
nitrous acid. 

13. If it contains phosphorated calx, thia 
will be slowly dissolv^ in the common temper 
rature of the atmosphere, and scarce any thing 
else will be taken up. 

14. To determine this, drop a little vitriolic 
acid into the solution ; if it contains phosphor 
fated calx, a precipitate will appear. 

15. As a small proportion of gypsum may 
also exist in the solution, to determine thie 
doubt, let a few drops 6t nitrated barytes U\\ 
into the solution ; if a precipitation arises in 
Ibis ease, apd nqne in the former trial, it mus| 
be from some vitriolic salt in the solution. 

16. If a precipitation takes place in both 
trials, it raa^ be doubted whether it proceeds 
in this last tnal from the phosphoric acid smgly, 
or from the presence of the vitriolic salt ; the 
doubt may be decided by examining the pre- 
i^ipitate. 

17. But 
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17. Bul if in neither case a precipitate ap-^» 
pears^ we may be assured that in the precipitate. 
No. 6/ neither gypsnm nor phosphorated calx 
exist. 

18. In case either or both these acids be 
found, we shall see in No. 37 and 67, how they 
and their bases are separated and determined. 

19. Supposing then the four parts nitrous 
acid to be inactive, or nearly so, without the 
assistance of heat, let the whole be strongly 
and repeatedly digested until the greater part 
is dissolved ; let the acid then be distilled off tO; 
dryness twice, pulverizing the dried mass each 
time, before any new affusion of acid ; and at 
last heated to redness in the retort for half an 
hour,. after which the dried mass is to be gently 
digested in dilute nitrous arid, which will take 
up the argill and magnesia, leaving the calx* 
ef iron highly oxygenated : let the wbole be 
thrown on a filtre and washed. 

20. The filtred liquor should then be preci- 
pitated by mild fixed alkali, and the whole 
boiled to expel the loose fixed air, that may 
keep. the. earth in solution. 

21. This precipitate should then be thrown- 
on a filtre, washed, dried, heated to redness, and 
weighed. 

22. Then pulverized again, treated for a few 
hours with eight or tnfi times its weight of 
distilled vinegar without heat, to take up the 
magnesia, if any, and filtred. 

23. The acetous solution shojuld then be 
treated with a mild fixed alkali, it will preci- 
pitate the magnesia, which is then to be filtred, 
washed, dried, heated nearly to redness, and 
weighed. . . - 

24. If any argill be suspected to be cop-^ 

taine4 
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toined 10 it^ the yitriolic acid by its slow solu- 
tion of it will detect it. 

26. Argill and magnesia may: also be sepa- 
ratejd by boilipg the whole in dilute vitriolic 
acid^ Bfkd, saturating- the acid exactly by mild 
ca.lx, which will precipitate tlie argill^ but not 
the mftgne^ia; and as the selenite also falls to 
the bottom on cooliiig^ the magnesia will remaia 
in solution^ and -be discovered by the taste. 

- S6. If the quantity of argill be but smalU 
relatively to that of iqagnesifi ; . it may. most 
jDonveoiently be separated by boiling the whole 
in pure caustic fixed alkali^ which will take 
up the argill^ and leave the magnesia. 

27. The dissolved Epsom salt. No. 25, will 
be made to deposite the selenite it may still con- 
tain by gradual evaporation. 

38. The residuum on the filtre. No. 22, may 
be supposed to be pure argill, if it be perfectly 
white ; if not, it should • again be dissolved in 
nitrous acid, which w^Ul leave the.iron> if anj^ 
undissolved. 

29. To remove all doubt of the nature of the 
Itrgill, it may be essayed with boiling caustic 
iixed alkali, which dissolves argill, but not 
jargonia. 

30. The calx of iron. No. 19, should then 
be rpasted with a little wax for a quarter of an 
iiour iu a red heat, it will thereby be so far 
reduced as to be magnetic, and contain about 
70 per cent, of metallic iron. 

Ill many cases where metallic substances are 
fully disengaged, and the solution coloured by 
them, they may be precipitated by the Prussian 
alkali, as will be seen No. 95. 

Examination of the Undissolved Residuum, 
,No. 3. — 31. This residuum washed, dried, 

heated 
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beated to redness^ and w^ghed, » ftnt to %€ 
essayed for stronthian^ by treatisg it with tpmt 
of fiitre \,4fy diluted with its own weight of 
water ; whateyer dissolves in this aeid wrtil 
efetVeseence, without the assistance of heat^ ia 
mild stroDthian ; the solution ^oatd then be 
diluted and Sltred^ and the deposile on itltre 
washed, dried> and added to the remainder of 
the midissolved residuum. 

38. The filtred liqnor lAould then be gently 
evaporated, and set to crystallifee, and tM 
crystals redissolved in about their own weight 
of Water, in the temperature of 66^, as crystal^ 
lization, and soluticm in this quantity of water, 
of that temperature, are additional prooft of 
stronthian ; tihe solution of llie crystals should 
then be precipitated by mild soda, the preci-> 
pitate washed, dried, ignited for half an hour, 
and weighed. 

SS. After essaying the residuum. No. 8, fef 
stnmlSiian ; whether it be found or not, let it 
be essayed for barytes, by spirit of mtre 1,4 
diluted wtfli four or five times its weight of 
trater ; if an dSerTCscence then arises, and not 
before, we may be assured the Tesiduum eon« 
itains mild barytes, which is to be extracted,. 
as iSiewn No. 93: the barrtic solution should 
ti*ystalKze, but the crystals feu aire many timei 
their weight of water, to dissolve them ; a cir- 
tnimstance which distinguishes tibem ftata lliose 
of stronthian. 

S4. Hie residuum should nett be essayed for 
argill by repeated digestion in strong nitrous 
acid, abstracting that aeid by distiUalion to 
dryness, as in No. 19, and dissolving the resi-* 
dttum in dilute nitrous acid ; thus the adhering 
calx of iron may be separated aft there she>^. 

35. lire 



S5. Tke lubslavces unditsolved^ after diete 
Bnmys, maT be eHher gypsum^ baroselenite^ sili- 
aeous saad^ or calx of iron ; to separate theM 
let this residuum be washed^ dried, and mixed 
urith two Mid a half times its weight of aerated 
soda deprived of its water of crystalliaatiott ; 
and the mixture roasted for aa hoar or more, ra 
the lowest red heat, in a crucible covered by 
anotlmr, thea suficiently washed on a filtpe^ 
aad dried. 

36. The filtred Uquor should with the wasli* 
logs be somewhat evaporated, saturated with 
marine acid^ while any eiervescence arises, then 
farther evaporated, and iltred ; a siliceoas sob« 
stance is often thus detected, which should be 
dried, heated to redness, and weighed ; argill 
is also often thus had. 

37. The remainder of the filtred alkaline 
liquor should then be diluted, and essay^ ifor 
vitriolic acid by nitrated or muriated barytes, 
Uie baroaelenite precipitated, washed, dried, 
imited, and weighed, will 4etemine the quan«- 
Isty of vitriolic acid in the solution, as baro^ 
seienifte thus made contains one-third of its 
weight of vilriolic acid, of the same strength 
as that in tartar vitriolate. 

38. We now recur to the dried depositee No. 
35; this should be treated with nitrous acid> 
which will take up the barytic and calcareous 
earths, if any, and possibly some portions of 
«rgill«ud if^n, from which the solution should 
be freed by caustic volatile alkali, and filtra*- 
tioit; these are to be sqMnrated from each other, 
as in No. 34. 

39. The filtred liquor now contains nothing 
but calx and barytes. 

40. These may be s^arated by precipitation, 

by 



419 THIRJH APF9E1IDIX. 

by the. vitriolic acid ^fvhicli will form a XQas^of^ 
b&roselenite and gypsum ; hot \¥ater will g^a^ 
dually take up the gypsum^ but leaire the baro-^ 
seienite; the water gives up the gypsum, by 
evaporation to dryness; the dry mass should 
be heated to redness^ weighed^ and treated as ia 
No. 10, and the baroselenite as in No. 37. 

41. After (hese separations nothing but the 
calx of . iron and sUex can remain; the calx of 
iron should be taken up by marine acid, or by 
aqua regia, and, being filtred, the silex. will 
remain on the filtre, which, when dried, should 
be heated to redness, and weighed.. The mar- 
tial solution sho:uld be precipitated by caustic 
volatile alkali, which should be treated as in 
Nos. 19> and 30. 

43. If the fluor or boracic acids be suspected 
in these stones, how the former may be detected 
will be shewn in No.- 72, and the latter in 
Jfo. 81. 

. 43. If the marine acid exists in them, it will 
be found in the solution No. 4, and may. be pre-^ 
cipitated by the solution of nitrated silver, of 
whiph 335 grains contain, when heated below 
iedne9S> as much marine acid as 100 grains of 
common salt. 

44. 100 parts luna comua, dried in the tem- 
perature of SIS'", contains 16 grains of marine 
acid, and 9 of water. 

i II. — 45. Of Stones insoluble in Spirit of 
Nitre 1,4/ but wholly or partially soluble, 
and with Effervescence^ in Spirit of Nitre , 
1,25, in the temperature of 60*. 

46. These stones are of the stronthian genus,, 
but may contain a mixture of barytes, ba- 

roselenite^ 
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rosekBite^ gjpsuip^ ftrgilL xalx of iron, And 
silex. 

47. I|ow stroathian/ barytes^ and argill 
should be separated, may be seen from No. 31^ 
to No. 35. 

48. How gypsum, baroselenite, calces of 
iron, and silex, may be distinguished and sepa- 
rated, has been shewn from No. 35 to 41 inclu- 
sively. 

49. The nitrous acid 1,25, may, along with 
the stronthian, dissolve a portion of gypsum; 
this, however, cannot stand in the solution 
along with the stronthian, as it would imme- 
diately be decomposed and a vitriolated stron- 
thian formed ; this would precipitate, and should 
be decomposed by calcination with mild soda, as 
in No. 35, the alkaline part washed off, and 
treated for vitriolic acid, silex and argill, as in 
Nos, 36 and 37. 

50. The d'eposite on the filtre from the al- 
kaline solution may then consist of mild stron- 
thian, barytes, and ealx, as also of argill, silex, 
and calx of iron. 

51. To separate them, the whole or all that 
Is easily soluble, should be dissolved by di- 
gestion in nitrous acid ; the digestion need not 
be obstinate, as only the argill, silex, and calx 
of iron, can make any considerable resistance, 
and they may afterwards be treated apart, as in 
Nos. 3| and 41. 

52. The.barytic stronthian and calcareous 
earths l^eing held in solution together, perhaps 
with soine portions of argill and calx of iron, 
the two last shonld be got rid of by precipi- 
tation with caustic vc^atile alkali, and after^ 
wards separated from each othet by the means 
already often mentioned. 

VOL. I. E e 53. The 
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53 « The mltition i« now tuppoaed toMibtam 
only the three first earths ; to ascertain this 
pointy it should first be uell boiled, tooicpel the 
fixed air that might bave lieen absorbed^ and 
then a small portion of it essayed uitb •tron* 
thiati lime-water; if this producer a precipi- 
tate we may be assured that calx exists in tb# 
solution, otherwise not. 

54. If stronthian lime-water produces no 
frrecipitation, we should enay another portion 
of the solution with barytic lime-water ; if this 
produces a precipitate (stronthian iime<-water 
producing none), we may infisr that strontbian 
exists in the solution, and not calx ; bnt, if ba-* 
rytie lime-water produces none, we may con* 
elude that barytes only eiistssin the solution ; 
if both strontliian lime-water and barytic lime** 
water occasion precipitates, it remains dubious 
whether the three earths are contained in the 
solution, as this appearance would take place 
if calcareous earth alone existed in it. 

65. This doubt, however, may be resolved 
by evaporating the solution in a moderate de-» 
gree, and suffering it to cool; for, first, the 
nitrated barytes, and then the nitrated 8troB<» 
thian, would crystallize ; the nitrated calx not* 
The nitrated stronthian is soluble in once or 
twice its weight of water ; the nitrated barytes 
requirea much more. ^ 

56. Or still better, by precipitating tife whole 
with vitrioiic acid, filtering and evaporating 
the remainder nearly to dryness, to obtain tbe 
whole of the selenite, if there be anv,'the de- 
posite on the til Ire will then be freed from seie^^ 
nitc by repeated affusions «f hot water, and the 
solution, bv evaporation, will depositeit^ adding^ 
spirit of waie towards the end. 

57, This 



57. Thi* B6W% done, the ptetipitAie dri rtW 
filtfe can na\r eoifsiit (m\y tA vitriolated it^oH-' 
thian and barytcs; to separate these, the' d^i^d 
mass must be heated with two and a half times 
itsr weight of depthlegmaled aerated ffodtf, M 
redness, for an hour or more, in a wlver ei*uci- 
bfe^ and then the a)kaKne matter washed off on 
a filtre. 

58. The deposite on the fiftre, igifited and 
Weighed, should then be treated Avith nitrous 
acid] which ^ili hold both the sfronthian and 
barytic earths dissofved; the solution, fravini 
been boiled for some time', ttiiy be freated wftl 
barytic iirae-water, which will precipitate th6 
stronthian, if any exists in it, if not, it is wholly 
barytic. 

59^. If stfoDthian exiarts m it, it wiH be fefl 
on the filtre in the state of lime, which shoufld 
again be re-dissoWed in nitrous acid> and preti-* 
pitated by Dnitd Volatile afkali ; this, washed, 
dried, heated, and weighed, gives the quantity 
of mild stronthian, which, subtracted from that 
of the mixed deposite. No. 98, gives that of thtf 
tnild barytes. It is probable also, that nitrated 
barytes and stronthian may be separated by 
crystallization, as tlie barytic part may be pre- 
sumed to crystallize long before the aitrttted 
stronthian. 

5 ni.— 60. Of Stones insoluble in Stfrous Aaftf, 

\,% tut to fatly orpnrtiattf/ soluble in Spirit 

of Nifrty whose specific grattttf is 1 JO; and 

with Bffei^escenee, 
I 

61. These stones consist of iftikl biu^ytM^ 

trhlr, perhaps, a mixture of gypram^ Imrofele* 

nite^ itrgtll, sil^x, afid calx' of ifdfr; lliebtfry- 

fie 8 \\% 
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tic part being di^solved^ how the others should 
he separated has been shewn' from No. 35 to 
41 inclusively. 

§ ly . — 62. Of Stones soluble in Nitrous Acid, 
with none^ 07' scarce anij. Effervescence, in 
. the temperature of the Atmosphere, 

63.' Of. this sort I know none but phospho* 
rated calx ^; and^ as it may contain some por- 
tions of aerated calx, to detect this, the por- 
tion of the stone to be analysed should be 
weighed, and dissolved in five times its weight 
of nitrous acid, and the loss of weight, if any, 
indicating, the aerated state of the stone, should 
be noted, the solution filtred, the residuum on 
thefiltre washed, and the washings added to the 
solution. 

64. The filtred solution should then be 
treated with caustic volatile alkali, which will 
precipitate the phosphorated calx, and leave 
that proportion of calx which was simply 
aerated in the solution; the phosphorated calx 
should then be separated by filtration, washed, 
dried, and heated. 

65. The solution, now containing the aerated 
calx singly, should be heated with mild volatile 
alkali, which will precipitate the calx ill au 
aerated state, to be afterwards M^ashed, dried, 
and heated torcdn^ss for half an hour, and then 
weighed; the quantity of calx will be to 
the whole of the aerated calx as 5 to 9. If 
magnesia be suspected, the solution may be 
treated with vitriolic acid, as shewn from No. 
7 to JOkiclusively. . ■ 

* .DoloBiias effervesce more considerably and durably. 

66. Wc 
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• 06; We now return to the phosphorated cal^s. 
No. 64 ; this should be dissolved in four times 
its weight of mtr.oufr acid; after solution, the 
vitriolic acid should be added as long as any 
precipitate appears, the whole should then be 
filtred^ and the selenite on tl«e filtre washed 
with dilute spirit of wine; the filtred liquor 
should then be considerably evaporated, to make 
it deposit the whole of the selenite; spirit of 
wine may also be added to promote its sepa- 
ration, and the whole afterwards caught on a 
iltre. 

67. The selenite being thus expelled, the 
liquor should again be slightly diluted^ and 
kept in a boiling heat, to expel the nitrous acid ; 
the phosphoric will soon after thicken, and often 
grow purplish from manganese contained in it; 
the glass containing it should then be taken up 
and weighed ; that this acid is the phosphoric, 
may be evinced from its copioOs precipitation 
of lime-water, by its giving white precipitates 
with the solutions of vitriol of iron, and ni- 
trated mercury, and its inability to preci- 
pitate the solutions of nitrated or muriated 
barytes. 

68. The selenite is next to be decomposed' by 
boiling it with mild soda, as in No. 10. 

69. The deposite on the filtre. No, 63, if any 
be, should next be examined ; it may contain 
gypsum, baroselenite, argiil, silex, and calces 
of iron, the separation has been already sbewn^ 
from No. 35 to 41, 

' Phospholite should also be distilled with its 
own weight of strong vitriolic acid, to discover 
whether it contains the fluor acid, as it often 
does; the sparry acid air may be knowii by its 
absorption by moist charcoal^ on which it de- 

£ e 3 posites 
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p<ifit60 a siHceops cru^t. JA. amy aUa be es- 
j»aye4^ for marifl/e ^cid }>y )i>oilwg it in water^ 
4Pina exfiinining tl^ water by ti^e solut^op jof 
silver. 

^ V.-«-7'^. Of 'Stones that eff^rvace slightly 
vfUh the Concentrated Vitriolic, but not with 
' the Nitrous 4€id. 

7J. Th^ iwJy stpnes of this «>rt I am aci- 
flunintpd witb, wr^ the flypw which i^oqmt rf 
calx and fluor acid^ with some mixture of silex 

72. T^ 90aljf$e tbiese or #0y other «ti>ruB sust 
p^Pi^d to ^wtaiB the iiupr f^^xA, ]et one part of 
jibe. pul'v^i9ie4 ,it<w)e be well mwA with two 
pf^rM pf dried B)ild sad^^ apd the mixture 
ll)fH«i) in 1^ silver icriUkciblf ; let the melted pass 
pijlY#H9^d> be thfiDWii into warm water> and di^v 
fi^Pt#d in ji boiling heat ifi » pewter vessel, and 
#hw filtred; the eftrtby p»rt wiU remaio 00 
th^ fiUre^ and should be washed^ dried^ and 
he^l^^ t^ redness. 

75. The $o|jutipn then containing the alkali 
united to the sparry acid should be slightly 
^Vi^<9f9tted^ and the unsaturated part of t)ii^ 
alkali neutralised by distilled vinegar (as this 
wiU no.t expel the sparry acid):» and then boiled 
tp eiii^pel the S^ed air absorbed during the ^t^ 
tuffition with the acetous acid. 

^74. .The solution of fluorated soda^ being* 
thus prepared^ dissolve a known portion of ace^ 
tated lead iu a known weight of pure water 
(to which a little distilled vinegar should be 
•xldedj to prevent precipitation )> and gradually 
drop the solution into that of flnor^tted sod^ ; 
the fluor »i[;id vyiU ypite to the lead^ and imme*- 

diately 
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dHitety precipitate; separate this precipitate 
by filtration, wash, dry, aad beat it to 4C0% am) 
then If ei^h it ; its weight, minus that of the 
lead and of the siiex that may be mixed with tt» 
gives that of the sparrj acid coataiaed in the 

75. To find the weight of the lead aad silex, 
two processes are necessary : 

' First, Mix the fluorated lead well puU 
▼erized with about its own weight of charcoal, 
pJace the mixture, in. a coTered crucible, and 
beat it to whiteness for a quarter of an hour ; 
weigh the reduced lead^ 

Secorrd, Take a quantity of acetated lead 
equal (or double, or treble, &c.) to that enn- 
ployed in precipitating the sparry acid, reduce 
It by fusion with charcoal as before, and find 
its weight, 

76. If the weight of the lead found by the 
second process be just equal (or double or trc- 
blCj if such quantities Mere used) te that 
found in the first process, then the fluorated 
lead. No. 14, contarned t>oShing but lead and 
jBparry acid; but if the lead in the second pro- 
cess exceeds the proportiotis just mentioned, the 
excess denotes the weight of the silex mixed 
with the fluorated lead; if it fall short, the 
•operations were il( conducted, and should be 
repeated . 

77. Another metltod of finding the quantity 
of lead in the fluorated lead inay also be em- 
ployed ; let a quantity of acetated lead, equal 
to that used in precipitating the sparry acid, be 
dissolved in water, and to this solution add as 
much vitriolic acid as is necessary to precipitate 
the lead, then evjaporate the whole to dryness, 
and heat the dry mass to redness for near a qiKtr<- 

E e 4 ' ter 
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ter of an faour^ its quantity of lead will be se*^ 
Ten-tcDths of the \^ hole weight. 

78. The deposite on the filtre^ No. 72^ should 
next be examined^ and essayed for phosphoric 
acid^ as shewn in No. 66; and also by volatile 
alkalij and the silex and calces of iron sepa* 
rated^ as in No. 41. 

§ VI.— 79. Of Stones soluble 'without Effer- 
vescence in the Nitrous Acid, but whose 
Solution requires ay heat of from 180° to 
212^ 

' 80. Stones compounded of argill and un- 
aerated calx^ or magnesia^ or either or both of 
these earths, combined with the boracic acid/ 
are comprehended under this head. 

81. To discover and separate this acid^ these 
stones;, heated^ pulverized^ and weighed^ should 
be digested in the nitrous acid^ to which con«- 
centrated vitriolic acid^ one quarter of the 
weight of the stone^ should afterwards be 
added^ and the whole gently evaporated^ nearly 
to dryness^ in a glass retort; during the exsic- 
cation part of the boracic acid will sublime; 
spirit of wine added to the drymass^ while still 
hot^ repeatedly^ will dissolve the remainder ; 
when the spirit of wine takes up no more^ 
(which will be known by evaporating it to dry- 
ness ), water should be added to detach the mass 
from the retort, and the whole thrown on ^ 
filtre, washed, dried, and mixed with 2,3 its 
weight of dried mild soda, and heated to red- 
ness for one or two hours, then thrown on a filr 
tre, and washed. 

82. The filtred liquor, saturated with an 
acid, and bailed to expel the fixed air, and 

gradually 
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gradually ef aporated^ will deposit the siliceous 
and possibly the argillaceous matter it may 
contain. 

83. The washed mass. No. 81^ should then 
be dried, dissolved in nitrous acid, and heated 
with caustic volatile alkali, to precipitate the 
argill and part of the m^ignesia it may con* 
tain ; and then proceed, as shewn from No. 6 
to 30. 
• 

§ VII. — 84. Of Stones imoluile in Acids, 
without particular Management, or, at leasts 
scarcely soluble, and with little or no f!f^ 
fervescence. Of this sort are most of the 
- Stones of the Muriatic, Argillaceous, and 
Siliceous Genera, and also Gypsum and Ba^ 
roselenite. 

. 85*. All these, even the softer, are much 
more easily decomposed when their parts are 
disintegrated by torrefaction, in a low red heat, 
with twice, or twice and a half, their weight 
of dried mild soda, avoiding fusion, but the 
hardest, as the precious stones may be evea 
melted with six or- eight times their weight of 
caustic fixed alkali, and one or other of these 
operations should be repeated until the siliceous 
part of the stone, after digestion in aqua regia, 
and subsequent torrefaction, becomes white, 
and perfectly vitrifies with its own weight of 
fixed alkali, with effervescence, or absolutely 
refuses Xo do so, and thus *appears to be ada- 
mantine. . 

86. The torrefied, or melted mass, if whitish, 
/contains but littleof any metal; if bluish, pro- 
bably manganese; if greenish, manganese and 
iron; it should then be well pulverized, thrown 

on 
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on a filtre^ and treated with pure'v^ater, until 
the water conies off tastele§s. Many saturate 
the alkalized mass immediately with nitrous or 
marine acid^ instead of water ; and often this 
is advantageous and proper^ as all the soluble 
earths are then in a greater state of division^ 
and consequently more easily soluble; but it 
may also happen^ that the stone contains the 
vitriolic acid, which, during torrefaction, with 
the alkali, unites with this alkali, and also calx, 
or barytes, or magnesia ; when the whole is af* 
terwards dissolved in the nitrous - or marine 
acids, a double decomposition in this case takes 
place, and the selenite or baroselenite are re- 
produced. Hence the former method is in ge-^ 
neral the safest. 

87. The alkaline solution should be duly 
evaporated if too aqueous, and saturated with 
nitrous acid, even to a slight excess ; the si- 
liceous part of the stone will thus be preripi* 
tated frequently in a gelatinous- form; and, to 
hasten its precipitation, it should be heated to 
180°, and gradually evaporated to a consi«- 
derable degree; some argill also taken up by 
the alkali, often thus is deposited. The neu«- 
tralized liquor should then be fiitred, the de<v 
posit washed, and dned, and the fiitred liquof 
essayed for vitriolic acid, as in No. 37. 

88. The deposites. No. 87, may consist of si^ 
lex and argill, which arc bert separated by 
boiling in the vilrioHc acid, and precipitating 
the solution by "mild volatile alkali; the argill 
thus found, to be dried, heated to redness foif 
half an hour, and weighed, or essayed, for jar- 
gonia, as already mentioned; the silex also t^ 
be heated, and weighed, as before shewn. 

89. We now proceed to the.fillred mass, N©^. 
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86 ; ihw oiAjr coo^bt of mild calXj strontfaian, 
barytes, magnesia^ argill^ jargoDia> adamantme^ 
h^Hden wmt remains of siUx, ^itb calces of 
ifon, manganese, or nickel^ or some undecom*- 
pQsed part of the original stone. 

90. To separate these, or as many of them aa 
^f%i^t in the stone* treat the whole with aqua 
•regia« formed of two parts marine, and one 
.part njtrous acid, in a retort, and boiling heat, 
repeatedly eohobating, or adding fresh acid^ 
until the whole, or nearly the whole, if possible, 
i^ dipdolved; what escapes solution may be ei^ 
thw ^iWic or adamantine, which may be decided 
by its fi)sibility or infutiibility with JBixed alkalis. 
If Sydiieia be suspected, it may be discovered 
by }t9 (Solution in pure marine acid, precipita-r 
lion by water, and other tests of that earth. If 
any considerable part of the stone has escaped 
d^l^ovnposition, it should again be torrefied with 
hned alkalis. 

91. The soluble earths being thus held in so- 
JiltioQ, the colour of the solution is to be con^ 
pidered ; if yellowish, it probably contains iron^ 
And no other, or but little of any other metallic 
fllb9tanca; if brownish, probably manganese; 
i( greenish^ possibly nickel, or copper; if blu- 
ish, copper- 

93. To distinguish whether the greenish co«- 
Ippr proceeds from nickel, or copper, supersa* 
turate a portion of the solution with caustic 
.vf>latile alkali; if a blue colour does not arise, 
the colour must be from iron; but if the co^*- 
lour chimges blue, it must be from copper or 
nickel; if from copper, a clean polished iron 
IPfill precipitate the copper, but, if from- nickel, 
it will be of no eflTect; besides, the calx of 
nickel will recoTcr iti greenish colour as soon 



as 
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as the volatile alkali is exhaled^ Tirhereas that of 
copper will not. 

93. If the solution contains no other metallic 
substance but iron^ or iron and manganese, we 
may precipitate these by caustic volatile al* 
.kali; the precipitate filtred^ washed^ and heated 
to redness^ should be repeatedly treated with 
nitrous acid^ evaporated to dryness until the 
calces become thoroughly oxygenated^ and^ 
finally^ the argill and magnesia that may exist 
in the precipitate are to be re-dissolved, and se- 
parated from the metallic calces by dilute ni- 
trous acid, and from each other^ as shewn from 
No. 19 to 29 inclusively. 

. 94. The calces of iron and manganese are 
next to be separated ; to effect this^ let them be 
boiled in a concentrated lye of caustic vegeta- 
ble alkali, ^hich will take up the manganese^ 
ztiA, not the iron ; or let them be well mixed 
with eight or ten times their weight of pul- 
verized nitre thrown into a criicible^ and kept 
in fusion for one hour; pour the melted mass 
on a stone slab, leaving the iron at bottom ; let 
the melted mass be pulverized^ and thrown into 
a glass vessel filled with water; it will exhibit 
various colours^ and in a few days subside in 
a brown mass ; pour off the filtred water^ and 
treat this brown mass with dilute nitrous acid^ 
adding sugar^ from time to time, or, what is 
still better, sulphureous acid, the calx of man* 
ganese will soon dissolve, precipitate the solu- 
tion with mild soda, and weigh the white pre^ 
cipitate, gently dried, of which 180 grains de- 
note 101) of the regulus of manganese; the 
weight of iron is to be determined as iii 
No. 30. 

95. If the solution contains other roetallia 

substances^ 
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substances^ it seems best, after expulsion of 
excess of acid^ and sufficient dilution^ to pre- 
cipitate them by crystallized Prussian alkali^ 
made as directed in the sequel^ the quantity 
employed should be known^ and noted ; if the 
precipitation be slow, the solution should be 
warmed^ or eyen heated nearly to boiling, spirit 
of wine being added^ and often jfiltred. I shall 
suppose the precipitate^ now obtained, to con-* 
tain the different metallic substances, it should 
be washed^ and the first washings added to the 
solution^ as these washings contain part of the 
solution of the earths entangled in the preci* 
pitate, but when the washings cease to be acid^ 
or when it is perceived that, when mixed with 
the solution of iron they /produce a blue, they 
should cease, otherwise much of the precipitate 
would be carried oflT. . When washed^ it should 
be thoroughly dried^ heated to redness^ and 
weighed. 

96. In this state the calces supposed to con- 
tain nickel, cobalt, and copper, are to be treat- 
ed with caustic volatile alkali, which will turn 
blue^ with the calces of copper^ or nickel, and 
gradually extract them ; to be certain that the 
whole of the nickel is separated, the precipitate 
should be again dissolved in the nitrous acid, 
the solution evaporated to dryness, weighed^ 
and repeatedly treated with caustic volatile al- 
kali, as long as it assumes a blue colour. . 

97. To separate the calces of copper and 
nickel, the volatile alkaline solution should be 
duly saturated with any acid. 

. 98. If there be any cobalt in the solution, it 
would be precipitated during the saturation. 
. 99. The neutralized solution should be then 
divided into two equal portions; into one of 

which 
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wbieb' clean poHslred ircm pla^tes ibouM be fra^ 
mersed ; on these the capper contained in thai 
portion of Ibe solution vriH be deposite«t; tbis 
tbonld be scraped off, and the dperalicm coifti-« 
Bued as long as any copper remaiiMf ; as Ibese 
deposits^ howeter^ are ccmtainmated ^th irmi^ 
tbey should be re-dissolvea m nitrous aeid^ the 
solution erapo^aled to dryness^ and again treat-^ 
ed witb caustic volatile alkali^ wbich will tsik^s; 
tip the calces of copper singly; the alkaliii^ 
solution evaporated to dryness^ and the resi- 
duum heated to redness for half an boufy is tbe 
true weight of the calx of copper, 

100. The second portion of the ne«»tra1i«ied 
solution should then be evaporated to dryaes^, 
heated in the same maimer^ and \f eigbed : from 
this weight subtract that of the calx of topptf 
found ill tbe last process^ the reaiainder give? 
the weight of the calx of nickel contained in 
the second portion^ which doubled gives that 
of the ' nickel in bolb portions^ as the weight 
of the copper doubled gives tbe whole of that 
of copper. 

lOL The residue of tbe calces left by tfie 
caustic volatile alkali^ No». 96yContainrDg either 
iron, or iron and manganese, is to be treated a9 
in No, M ; but^ from tbe weight of the iron, 
we must subtract that of tbe calces contained 
in tbe Prussian alkali ttofHofjed, of which wc 
shall presently treat. 

lOS, We now return to the solution. No.. 95, 
which we siuppose cleared from aJi metallic sarb-* 
stances, but possihiy containing all tbe earths 
( thdvgb,. if ibe metallic subflances were, pre- 
cipitated by caustic volatiie aUiaii;^ tbe argill 
aai jadgooia would alsa be aeparst^). Not 
flhat M tbose csirAS' buvc ever been found toge^ 

ther 
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-tfaer in anj stone^ but as three or four of them 
iudiBcriminately taken often bave^ it isneces** 
aary to give a general method of discriminattng 
and severing them ; it were best^ however^ to 
institute small essays of each^ to find which of 
them should be ^x<piuded from attention. Thus, 
•if vitriolic acict instilled into a portion of the 
JBolution^ does not, after 10 or 15 minutes^ cause 
a prejcipitatOy we may be assured that neither 
barytas jior stronthian exist in it; and if^ even 
after evaporation of the essayed portion^ no pre- 
cipitate appears^ calx also may be ex,cluded. 
So>. if caustic volatile alkali causes no piecf- 
pitate^ ^rgill and magnesia may be excluded 
from the solution; if ii does cause a precipi- 
tate^ let this precipitate be rcrdissolved^ and 
again precipitated by mild volatile alkali, and 
dry it well ; if tbeo it efuily dissolves in ma- 
rine acid^ it is magnesia, and argill may . be 
excluded ; but if not it is argill, and magnesia 
may be excluded^. But if a)L these be found, 
as they often are, oper;&te as follows : 
- 103. Dilute the solution pretty largely, and 
precipitate the barytes, stronthian, and calx, by 
adding vitriolic acid as long as any precipita- 
tion appears ; filtre this off, wash it ; it will 
probably contain only vitrioUted barytes and 
stronthian. 

' 104. Evaporate the solution still farther^ and 
add a few drops of vitriolic acid ; if a precipi* 
tate then appears^ it is vitriolated calx; aidd 
Ibe vitriolic acid until tbia also ceases ; filtre, 
and wash the matter on the filtre with dilute 



* Set Ji»de some -proportionate part of tbe solution, as one* 
gfigfailii or Po.t'pstiOi, Sxt soch essAjt to be afterwsrdf brought 
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spirit of wine ; evaporate still farther, mor^ 
selenite will appear, which is to be filtred oiF, 
washed, and dried, as the former product, aad 
at last heated and treated as in No. 10. 

105. The washed mass, 103, should then be 
essayed for selenite, by pouring on it 500 times 
its weight of water, heated to |80; if this af- 
fords no precipitate with stronthian lime*water> 
we may be assured it contains no selenite ; if it 
does, the selenite should be washed off. 
• 106. The vitriolated mass, 103> containing 
nothing but vitrio4ated barytes or stronthian^ or 
both, should then be treated as shewn from No. 
d7 to 59 inclusively. 

107. The aolutioD, No. 103, can now contain 
nothing else but magnesia and argill ; these are, 
therefore, to be precipitated by mild volatile 
alkali, and separated, as shewn from No. 31 
to 30. 

$ Vlll.—tflf the Prussian AlkalL 

The Prussian alkali is an agent of great im- 
portance, as it is an infallible test, not only of 
metallic substances in general, held in solution 
by any unmetallic acid (platioa excepted), but 
even of the species and. weight of that metal, if 
single, and the alkali properly conditioned. 

To answer these purposes, it must be care- 
fully prepared and properly applied ; otherwise 
it will not only precipitate metals without their 
characteristic colours, or any designation of 
their weight, but also earthy substances, and 
particularly tbe barytic and the argillaceous. 

To apprehend the reasons which determipe 
the preference of one among the many prepara* 
tions that have been hitherto devised^ it is ne« 

cessary 



-J*. ''^' •'fe.-- — 



I 



tenaty to state a few circumstanees relative to 
its general nature and mode of action^ which 
have not yet been sufficient! j developed. 

Prussian^ or prussiated alkali^ formerly called 
the phlogisticated alkali, b an alkali united to 
a particular tinginr substance by the interme- 
diation of iron^ calcined indeed, but only to 
that degree that does not prevoit it from still 
beioff magnetic. 

. This tinging matter is itself an acid of the 
volatile kind, and of a very peculiar nature ; 
for, though it seems to have a greater, affinity 
to alkalis and earths than to any metal, yet it 
unites, to them touch more difficultly when in 
its free state, and adheres to them more feebly 
than to metallic substances, which I suspect 
arises from its being more condensed in the 
latter than in the former. When united to al* 
kalis it is separable from them by the mere ac* 
tton of solar light, and also by a heat not exceed- 
ing 1 1.0o> or even a lower, in a longer time. 

Metallic substances united to this acid are 
called prussiated metals. 

Alkajis and earths extract this acid imper* 
fectly from prussiated metals ; but, when once 
united to thjs acid, they have a strong affinity 
to the metals whence they received it, and 
thi|s form triple salts, or rather saline com- 
pounds, called prussiated alkalis, or prussiated 
calx, &c. Prussiated alkalis, to whose con- 
sideration I now confine myself, are capable 
,of crystallization (except the volatile^, and 
splubie in three or four times their weight of 
wat^r,^iB the temperature of the atmosphere; 
moreover, if Qot overloaded with iron, the metal 
to which they, are commonly united, they are 
not readily. 4^€0iiiposed by acids without the 
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ktftlice of hmtAj m dwevtiM ill Itrffc ^MrtP 
titiet of ike strMgtr apcids. 

On tfab otiwr hand, iron (of mtiier its ctfclMs) 
feni»> '^th the Prufsiu a<n!i^ CMipouiitf^K of 
t^o diibrent. kinds; the Me fully s&turatlfd> 
the other' ansftturated. 

Calces of iron, thuft eircnftistanced, j^esMt 
diiferent cAiotars^ the fuilyssiturated} a^de^p 
blue, and intermediate gradations of sittttra'^ 
tibo^ correipotidiiig sh^^ of *blue ; the unsa* 
turatfedrare ysUow^ wh^ both are mixed they 
aSbcd .a 'greea . 

. The .unsaturated calces \Mm a strong affinity 
to .the Aquantity^ of Prusstliti atid . requisite to 
saturate them ; they are also :&oluble in cottimim 
aeids ; but> if.tbe common acids are not in sttf« 
ficieAt quantity to.*dis80lve the ivhole of them, 
the 'Prusssaa acid expelled from the dissolves 
part, lantea to the undissolved part, and €<)Vi^ 
verts this by.'saturating it into a blue calx ; th^ 
blue calx is very.difficuUly deoomposed by any 
mcidy even the strongest, in the temperature of 
the atmosphere. 

< Alkalis and. earths unite with both sortt of 
aalces, but. mos t Strongly 'wttli the blue, yet 
before tkcy. can uoite mth. either, they must 
themselves'bennpregii&ted trttk a portion of the 
Prussian acid, of which tkey strip tkeiii> as 
already .said. 

Hence when an alkali or earth is digested 
with a' biu» calt, it first strips a part of it of 
its saturating proportioa of tbe tinging acid, 
and thus ^onyerti that part into the y^low call?, 
it takes up not only a DortiMi of blue «a1«, but 
41 stiil larger of the yeiWw ca^x. Now, to up«i 
fnm the alkali this ?ellow^part, wfaick adhe^w 
moris weakly to it tnaa ^ btM, is^ or eiight 

to 



to b^; cImt db^edt of til fnknAxMams df this- Mrt« 
If M iM 4iUkali^ ^fliich einiU«ii& a hutge propor'^^ 
tion of this yellow calx^ an acid be udded^ thd 
precipiUUe will ieraftkeleis be blue, because 
tbJLt part of the tiaging vatUr tftal was mora 
itiiin«4tfiiUty united to the alieali quite it> and, 
joining' the yellow calx^ rendersrit btae. 

I now proceed to examine tie praparateoas off 
tbi« test, that have been moit fVeqaeady aaed 
in niinerAl analyvee* 

The ipst, aixi origiaal cooipound of this sort, 
is that wbieh is odied the bhiod. \ytj being 
formed by the calcination of dried blecid, witfa 
fixed alkaiie. In this canpound'-ihe tinging 
matter, accomp anted with a soMili proportioii of 
the calx of iron, is oooibiqed with the fiaed 
alkali ; but the high degree of heat in wkicJii 
the union takes place, and the' small proportion 
of iron, prevents the alkaii front baiag perfectly' 
saturated^ or, at least froai 'bein^ so, firipljr 
and durably ; besides, in the alkalrufoally em-* 
ployed, there' is a contamination Sif TitrielajUad 
tartar, or Titriolated soda, sotne coal from, the 
blood, with volatile alkali, and sulphur result** 
ing from the mixture of the coal and tbe Ti^ 
triolated salts, daring ignition. 

This, therefore, is an improper test ; its nn- 
saturated or feebly saturated part decomposss 
solutioas of earths^ particularly when they CMat 
tain an- excess of acid, a$ those of ahim and 
barytes always do ; the vitriolated salts aba 
precipitate foasytic, strontbian, and ealcaifeoiis 
earths ; these latter ih visibly, if the solntion b^ 
dilute. Thisi lye, poured on a solution of iroo^ 
produces a greyish precipitate ; but an acid, 
poured' on the precipitate, tares it blae, by die* 
sot ving the yellow calx, predueed either by tbe 

F f 2 action 
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•etion of the uraatunted part of the alkaliy or 
owing its colour to imperfect saturation with 
the tinging matter; 

Hence die common Berlin blue of the shops 
is produced by the mixed solutions of vitriol 
of iron and of the alum by the blood lye ; for 
the acid of the alum neutralizes the unsatu- 
rated part of the blood lye^ and also that which 
might be feebly impregnated with the tinging 
matter^ and hence the precipitate is blue. 
. It is plain, therefore^ jthat the Berlin blue, so 
I call the Prussian blue of the shops, is not 
pure prussiated iron, but a mixture of this with 
embryon alum ; that is, with alum . which is 
barely stripped of its excess of acid, together 
with coal, sulphur, and other impurities of the 
blood lye. 

Macquer first discovered that prussiated 
iron, or Berlin blue, might be stripped of the 
tinging matter by digestion with alkalis ; and 
that these, when saturated, do not decompose 
saturate solutions of any earth; though, by 
means of a double affinity, they decompose ana 
precipitate metallic solutions ; an alkaline lye, 
thus saturated with the Prussian acid, or prus- 
siated iron, is called Macquer's lye or test. 

It is to be remarked, hQwever, that though 
an alkali may thus be neutralized, it will not 
long continue neutral, because it takes up much 
of the yellow calx (which originates from the 
heat necessarily employed , to impregnate the 
whole of the alkali) ; and this calx, adhering 
lightly, soon falls, in the form of a blue calx, 
particularly if exposed to the air, from which 
the alkali may derive the aerial acid ; so also 
mineral, acids, or even weaker acids, decom- 
pose it, if not immediately, at least after a tew 

hours. 
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hours, an effect ^rhich has often heen falseljr 
ascribed to the 'iron contained in those acids ; 
hence earthy solutions that contain an excess 
of acid^ as those of alum and barjtes, are 
soon precipitated by it; yet if these solu- 
tions contain a large excess of acid they may 
escape precipitation, as, after saturating the 
-weakly combined part of the alkali, enough of 
the excess may stiU remain to keep the earths 
in solution, but they will assume a blue colour, 
from the precipitation of the yellow calx, as 
already explained. This lye also takies up the 
sulphur, coal, and, by the washings, part of the 
tartar yitriolate and earth of alum contained in 
the Berlin blue, for which reason it will always 
precipitate barytic or stronthian solutions visi* 
bly, and those of calx, though perhaps invi- 
sibly, by reason of the greater solubility of 
selenite, and hence it is a bad test for metals. 

Baum£ endeayoured to remedy these defects^ 
by adding distilled yinegar until the lye ceased 
to deposit a blue calx ; but, as the action of 
this weak acid must be exerted some hours, 
and eyen days, before it can precipitate various 
gradations even of the yellow calx, it is impos« 
sible to determine its quantity with precision ; 
if too little be added, the lye still continues 
defective ; and if too much, this, after many 
days, or perhaps weeks, will loosen the union 
of the blue calx, by expelling from the alkali 
that .portion of the tinging matter necessary to 
keep it in the state of a blue, and leaving it for 
a while only that which retains a yellow calx 
united to the alkali, and thus leaves it in a short 
time as imperfect as at first; besides, the vi* 
triolic contaminations still remain. 

Mr. Bergman's lye is the same as that of 

F f 3 Macquer ; 
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M^tqucr ; the propdrtiobs ool^ beisg flaoro m*- 
curntely dcflncd^ for the yurpose^f salfteqneiil 
correctioa. His alkali Is ferned bj tbfi ^etoaa*- 
tion of equlil '^arta nitre and cream of tartar, 
aad^ comequeatly, ue^tly Ttiuiiit* . This he diB^ 
8pl.Te9 in about a pint •f ivatev^ aad digests 
with ibur titties itt/vreight of Berlin Wtse, gra- 
fluallj added until it caales to be diseelout^^ 
tnpplyitig it with water, ia pr oporti«m to the 
quantity etaporated; tnd^ lastly, boilin|G: the 
whole for half an bbur. This lye it is e> ident 
takes np the same wnpuritfes as the former^ sad 
» fqaally defective. 

• iDthers hate prepared this test by saturating 
Kae with the Prussian acid ; hut, as it is de-- 
eotnpdsed by the nvere action of the vitriolic 
acid» it 16 frequently fallaeious^ act to insist on 
other defects. ' 

Others prepare it by^saturating volatile alkali 
itith^tlie' tinging matter ; this, if it tcMild keep 
always hcNUo^en^ous; wmild axHwer r eeaarkabiy 
weU. I omit various o;thef itfetfabds of purifi- 
cation that have been devised; as they have jiot 
been employed in mineral analysis. I shall only 
remark, :that almost all of them lea ve. so nracfa 
prussiated iron combined with the pritssiated 
alkali, as totally to disguise the colours of the 
metats'preeipitated by tbctti. In general, any 
preparation of this te^t.tliat contains, when ^in a 
dry ifenn, more than 80 per cent, ef prnsssatied 
fit)n, will disguise the colaor of ^mest other 
Metals precipitated by it ; even a smaUer qnan^ 
titywiti ptodisce this effect if it t^ontaias the 
yelltrw <^«k; Now, by Wfestrumb's experi* 
nienls>' MaieqvHDf's prussiated alkali' erystaU 
lized affords '40 per cent, of prvsMted iroa^ 
and allef BawH^'a purifieatiaVi 3Si Bargnian's 
; L *. •; purified 



purified hy spirit of lalt S8 ; Fourcro j's 3) ; 
Scopoli's 27 ; GioTssetti's ^; BrugnatelH'^ 
24; Struviua's. 23 ; KUprbth'a 22. I say af^ 
fords> for, in fact, the. iron they cootain is not 
folly pru&siated until it and the tinging^ matter 
are expelled from the alkalis hy the superveB*^ 
ing.acid. 

• The same able and iadus.tiious chemist has 
shewn that pruasiated iron. • well washed and 
dried, contains very nearly half its weight of 
the tingine matter; and it will presently be 
seen that 100 parts ^vegetable alkali take up 
46 of the tinging matter. . 

^ _ • . * 

Of Klaproth*8 Tksty and its Application."^ 
i. Prepare a pure vegetable alkali, by gradu* 
ally projecting a mixture of equal parts puri- 
fied, nitre and crystals of tartar into a large 
erucible heated to whiteness ; when the "whole 
is injected^ let it be heated to whiteness for half 
an hour, to burn off the coal. 

2. Detach the alkali thus obtained from the 
eriicible^ reduce it to powder, spread it on a 
muffle, and expose it to a white heat for half 
an hour. 

3. Dissplve the calcined salt in six times its 
weight of water, and filtre the solution \vhil^ 
warm. 

4. Pour this solution into a glass cucurbit or 
receiver, heated to 170 or 180^, in a sand fur-* 
sace, and then gradually add the best Prussian 
blue in powder, injecting new portions accord- 
ing as the former becomes grey, and' supplying 
water as fast as it evaporates ; continue untu 
thfe added portions are no longer discoloured^ 
then increase the beat to 212*> for half an hour. 

5. Filtre the lye^ thus obtained, and. saturate 

rf 4 it 
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it with Yitriolic acid, moderately diluted; a 
precipitate will appear when this ceases ; filtre 
off the whole, and wash the precipitate. 

6. Evaporate the fiitred liouor to about oae 

Juarter, and set it to crystallize ; after a few 
ays, ;^ellowi8h, cubic, or quadrangular crjs 
tals will be found mixed with some tartar vi- 
triolatie, and calx of iron ; pick out the jeU 
lowish crystals, lay them on blotting paper^ 
and re-dissolve them in four times their weight 
of cold water, to exclude the tartar vitriolate. 

7. Essay a few drops of this solution with 
barytic lime-water^ and add some to the re- 
mainder if necessary ; filtre off the solution, 
and set it to crystallize for a few days; thus 
the barytic lime, if any should remain, will be 
precipitated ; if the crystals now obtained, are 
of a pale yellow colour, and discover no bluish 
stripes when sprinkled over with marine acid, 

, they are fit for use ; but, if they still discover 
bluish or green streaks, the solutions and crys- 
tallizations must be repeated. 

8. These crystals must be kept in a well- 
stopped bottle ; and I think it right to fill it 
with spirit of wine, to preserve them from the 
air, as they are insoluble in spirits. 

9. Before they are used, the quantity of iroa 
they retain (and which I therefore call their 
retentj should be ascertained, by heating 100 
grains to redness for half an hour in an open 
crucible, the Prussian acid will be consumed, 
and the iron will remain in the state of a red- 
dish brown magnetic calx> which should be 
weighed, and noted; if the calx be blackj it 
will weigh considerably more than it should, and 
must be calcined anew; the red calx is half 
the weight of the Prussian blue, afforded by 

the 



AHALY8I8. 441 

ihe Pnisstaa alkali ; its "weight must be sub- 
tracted from that of metallic precipitates form- 
ed by this test. Hence the weight of the crys- 
tals; in a giyen quantity of the solution should 
be noted^ that the quantity employed in preci- 
pitation may be known. 

Bemark^ on the Analysis already made. — 
It has been to many matter of much surprize^ 
that the same stone, analysed by different emi- 
nent artists, has been found to contain either 
different ingredients, or, at least, different pro- 
portions of the same ingredients ; of such dif- 
fering results, yarions examples have thence 
been seen in the foregoing chapters; several 
have been led to suspect, that chemical ana- 
lyses have hitherto been either very imperfect, 
or totally useless. 

The opinion, however, of the inutility of de« 
veloping the principles of which any compoun4 
consists, is too absurd to deserve attention ^ 
who can deny the properties of a compound are 
either the results of those of the ingredients of 
which it consists, modified by the proportion of 
those ingredients, or new ones resulting from, 
and grounded on, particular proportions of those 
ingredients, neither of which circumstances can 
be determined otherwise than by analytic in 
vestigation ? 

The imperfection of many of the analysed 
hitherto made must indeed be allowed, though 
the instances are. not so frequent as have been 
imagined ; several stones that have been denoted 
1^ the same name are in reality different, and 
have been found to be m, even by an attentive 
consideration, of their external characters ; for 
instance, the dtffisrent sorts of felspar, shorl, 

actyno* 
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actjoelitf Sj Ac. no w^ndt r^ therefot^^ ^Mtthrit 
ai^lys^s should preheat different reMriU. 

Tibe real ipiper£9ctioiif of oianj'aafrljMsliaTe 
Mipen from T^ridps c%0«ef ; as^ fir«V onrJg« 
oojrwce of sooie of tiJM natpiie* etelhs, thus 
stronthian has hitherto .btaa eonfouadad w]4 
barytes, or perhaps with calx^ jargonia with ar«- 
gill^ a»d adam^fitiQ^ with 9ilex ; Sjdoeia baa as 
^t beta scarcely noticed : this source of error^ 
iwitabla in m art (prun^ up within tbcaa 
twenty yearsj will noc^sfrily daily diminidi; 
aneJ^f ts will become ippre circttmspect in deter-* 
mtAiQg tbe nature of wy sHbstaoce^ before two 
Oir tbree of iti nost eaueotial properties will 
b^ve beep %9eertaiiied . 

Secopdly^ Many deceptions bare araea from 
tbe erosion of^m^rtars!, during trituration^ many 
from the mixture of the earths •£ crumblaa 

during calcination. ' 

Thirdly, The difference of the pfopertion of 
kigredients in many substancea 19 nften mom 
apparent than reoL ariung entirely ftom the 
Tarious degrees of desiccation that bfttf been 
employed by different analyet^, and aomctimaa 
by the same; tbisp^intis so important, that I 
ihall examine it more partiou)arly» boptog that 
somq of our me«t eminent artists may detarinine 
some precise degree^ and t^ tertn of its:dura«- 
tion that should in future be always oAisciriPod. 

Mr. Bergman, in his essay on the analyiis of 
*pinerai ^atera^ tf eatiog of the weig^ of eat tha, 
m^ntinoi no preciaa limi ts or degree of Jient 
to wbieb tbey abould be enpoaedi r in biMosatiae 
on n^etallie pfepipitales^ be ra quker indeed 
tbeie to be dried^ fiiet in a gentle, and at laatia 
tba beat /»f beilin^ water for fiire mintdes ; bnt 
eftimating tb« ivaigbt of d^ffisrent aalt^ in Jbsa 

essay 



•isay #B mineral tr^ters, h^ take« tbeiii in tbeir 

crystallteeid farn)« ami CQQaequeutly dri^d ia a 

loMv beat. 

■ SiiieeQus earth he desires sl^puld be bajrely 

driQil''^^ i^up))^e iq Ui^. temper alure of the aU 

nofspbcre. 

With respQct to calx, argili, aud magne$ias 
in his treatise on niineial waters^ be submits to 
the t)perat^r^ whether tlie .miiss that coQlaiQij 
them should be calcined or notf, and thea 
weighed;' h6 separates the tnagnesia. and calx 
frpm tbe.contaioiA^ mass by distilled viOiegarj 
to. obtain tb<s«r joint weight, he requires th« 
ma^is frofQ which th^y we^e fxtr^ct^d- to b^ 
washed, eUH^dy aiid weighed^ and th^ir >^4}gbt 
discovered by the loas of weight of .Ibe dried 
fesiduuni. Herie it is plaia tbo rebiduym mwt 
iigaiii be calciaed> to discover the weight it ha4 
lost,, fts in a lower he^t this inu^t vary consi*' 
derably; but hqw the vresghts of the calx aad. 
magnesia,. separately, are %ik be deter mioed, h% 
does: not clearly indicate. Nor in his .^say on 
gems is he more, e&plicit, td^finiag the weight of 
the calx ud^ magnesia ooly by<the qui^ntiU^ of 
gypsuQi <u: Epsom they may yield; that pf Gp«* 
3t>m must vary.t^qsiderably in ft bigb beat. I4 
ills aoalyais of lythofaarga be directs tbr MgiU 
to be barely 4(rifd[|. 

Hence we see he foUowf ^Q certain rule m 
estiawting the> <)uabtities -ef argiU, magmeia, 
and calx; thete bft be wishes tatber to detet- 
nmt by; tbe qiiMtity ef saline matter tlwy 
jjeld vi^en ^g^tetted into ; stlta Md Of staW 



* 2d Bergman, 92. 4th Bergman,. 149- 

f Ist Bergman, 123. 
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lized*^ the quantity of earth in these crystals 
beinfi: already determined: but it is well known 
that crystallization scarcely eyer affords the 
whole of the substances contained in the solu* 
tion ; with regard to Epsom^ in particular^ its 
weight yaries with the temperature of the 
water in which it was crystallized^ and the heat 
and moisture of the air m which these crystals 
are dried; this method is therefore yery in- 
secure. 

Moreoyer^ Mr. Westrumb found that 69^75 
grains of siliceous earthy precipitated from //* 
quor silicum (silicited alkali) well washed and 
dried^ weighed no more after exposure to a red 
head than 61^5, and consequently lost 11 ^8 per 
cent.f : whether this loss of weight proceeds 
from some inflammable matter^ or from water 
retained^ it is equally certain that desiccation in 
the heat of the atmosphere does not determine 
.the real quantity of this earth; on another oc« 
casion he found silex weighing at 1 12®^ 25^5 

S rains to weigh after a red beat only 22| ; the 
ifference is about 13^7 per cent.. 
By this remark I am far from meaning to de- 
tract from the merit of this truly respectable 
philosopher^ so far indeed that I freely own^ that^ 
IQ the few analyses I made myself^ I fell into the 
same mistakes; such errors are incident to the 
first attempts in 6yery art. 

With respect to argill^ the difference of 
weight arising from different degrees of desicca- 
tion is enormous. Mr. Wenzel found that ar- 
gill precipitated by mild soda^ and weighing 

* lit Bergnoan, 134*. 

t 2iid Chj. Ann. I7g0> p. 218. 

t 2ndBeq;b. 39. 

when 
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when dried in tb^ air 140 grains^ raifbt by ig- 
nition caotinued for two hours be reduced ta 56> 
that is^ to less than one half its weight. Knock 
found that argill dried at 66^ of Fahrenheit and 
51 of Saussure^ and then weighing 32 grains^ 
lost by ignition continued for one hour 13 
grains^ that is, 37,5 per cent. * Westrunib ob- 
served, dry arffill, weighing 16,625 grains, to 
weiffh after a long continued calcination only 
10, it lost therefore above 40 per cent.f ; but 
this had been precipitated by caustic volatile 
alkali; in another experiment, argill that had 
been precipitated by mild soda, and consequently 
taken up fixed air, weighed when dry 30 grains ; 
but, after long continued ignition, he found it 
reduced to 10, and consequentlv had lost two- 
thirds of its weight t. Here then a distinction 
appears, which should not be neglected ; in my 
own experiments I generally foynd argill preci- 

Eitated by mild volatile aluli, and dried in a 
eat of 70o, to lose, in a red heat continued for 
half an hour, about 36 per cent, and unaerated 
argill, about 30 per cent. ; much, however, de- 
pends on the previous drying in air of dif- 
ferent degrees of moisture; for, Mr. Klaproth 
found aerated argill well dried in a heat ex- 
ceeding that of the atmosphere, to. lose by two 
hours calcination only 30,5 per cent. § 

Weigleb for some time followed the method 
of Bergman; previous to the year 1786, he 
contented himself with barely drying his 

* and Chym. Ann. ijsg, p. 24. 
t SndBergb. 30. 

X 30d fiergb. 32. Knock denies the distincftion,* but it it 
eVMcat he was lOEnehow deceived. 
i $ Bed. Bedb. 67. 

earths; 
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eftrtbi*; bii% ilmi tkht pirM/ hd mmm tr 
have generally igmMd t)iein« tbeugk probably 
not long enooghf . 

Westramb has alio constantly detemiiMd 
the weig;}its of his earths by ignition^ and ki 
many instances has shevm the differences of 
their weights when healed in the uiual mamier, 
and after ignition; be has proved that ettn 
ponderous spar requires ignitioa to dry il per* 
fectly ; but he does not seem to have r^ulatedl 
the time they should be exposed to a i^d beat. 

Dr. Withering dried his argiU in a lo\r red 
heat for 10 mitt»tes ; the other earths he seema 
to have barely dYied in the heat of the atmos-* 
phere. Ktaproth conatantW ascertains the 
weights of all his earths, after low ignition for 
half an hour. As in most stones the component 
earths are in an exceeding dry state^ and^ if not^ 
the weight of water and air tliey contain should 
be ascertained proTioustotheiranalyifs ; itsbould 
deem that the desiccation occasioned by ignitio* 
is that which approaches most to their datura] 
state^ and consequently should always be ob* 
tained. 

4. The difficultids accompanying the appli^ 
cation of the Prussian test bate occasioMd 
many errors. 

Weigleb constantly employed the blood 
lye^; this is scarce eTer perfeetiy saturated^ 
and^ at kait after a short time/ ptecipitates 
earths as Well as metak ; also> by reason of the 
vitriolic acid it contains, calx cannot escape it ; 

* 1 1 Nev. Entdeck. And 2nd Chym. Am^ l7irf> fk \46. 
IstCI^. Am. 179(1. p. M; a4§k 89«. 

t 1st Chym. Ann. 1786, ail/. IstdMOj >.7i?« if . AM 

t iBtCrdl. Beytnige^55. 

hence 



}ume {lerblKpd ta^ha* detected none nrlrtte otber » 
bave fotftid it*; be»ides^ he iifi»kes no deduction 
for the iroh oontaioed in this alkali. 

Mf. Bergman informs ns, the Berlin blue he 
emplojed in making his Prussian alkali con*- 
tained dS per cent, of prussiated iron; the 
remainder b^ttg- argill> or embryon alum. 

Of this Berlin blue^ he employed in making 
a qnart of hi^ lye 960 grams; and since 100 of 
Uie blue contain 83^ 960 must haye contained 
180^8 of prussiated iron . 

But |>ru«8iated iron only contains half its 
weight of the tinging mntter^ then his prut-' 
siat^ iron contained 110^4 of prussiated acid^i 
and 110^4 of calx of iron.- 

A ^uart of his lye he computed to contain 
840 grains of al4ali^ and 110,4 of Pmsstan 
acid ^ and 16 doeimastic pounds (that is, 0,6 
graina mnltipiied by 16) »9,6 of pru^iated 
Tpra.^ Or four doeimastic pounds of this iron 
<tbat is, 0,6 multiplied by 4 sss fi,4 grains) for 
tvety 60 grains alkali, as S40 grains alkali 
make np'4O0 docinlastic pounds. 

He then tells us, that a precipitate made by 
this iye, dried; I should suppose, in a heat of 
l^llt^ for 5 minutes^ contains one-sixth of it* 
"wieigfat of metal lit iron, deducthsg 2,4 grains 
for elf^ry^O grainaof aHcali empioTcd in hiak'^ 
ing the precipitate. He does not tell us whether 
this quantity should be deducted from the sixth 
p»t thm found, or fromf the whole precipitate 
by thediTisioB by 6; or, in crfbdr words, who* 
ther it should be deducted f)r6m the quotient or 
Ihe dividend; in his second volume, p. 4%, fat 
seems to require it should be de duct e d from the 
•quotient, though^ in reason,, it. should rather^be 
deducted from the drnkmA^ m hm lella «a li if 

undecom- 



448 THIRB APFBIIPIX. 

uodeeompoBad Berlin blue; however thisnajr 
be^ in his Analvnh of Lythomargdj yoh iv. pi 
149^ and in that of Pouzsolana> toI. iii. p; 
193^ and his Treatise on Gems^ he totally omits 
this deduction. 

Let us novr see how^ on Mr. Bergman's state* 
ment^ a weight exceeding five times that of the 
metallic iron precipitated could accrue. 100 
grains of metallic iron^ being reduced to a cal* 
cined state> weiffh 140 nearly; these^ when 
prussiated^ shouui weigh 280 grains^ as has 
been shewn. Ag^in, 340 grains alkali^ take 
up^ by Bergman's account^ n0|& of the ting* 
ing matter^ then 304 of alkali would be re- 
quisite to take up 140 of the tinging matter^ 
the quantity required to prussiate the 140 

S rains of iron. But eyery 60 grains of alkali 
eposit 2,4:, therefore 304 should deposit 12,16> 
then the weight of the precipitate should be 
280+ 12J6=: 292J6: 307 remain to be ac- 
counted for^ and must by him be deemed to 
proceed from the argill and coal taken up bj 
the alkali^ and some alkali retained^ besides 
water *. Mr. Bergman does not strictly adhere 
to the position, that 100 grains iron^ separated 
by the Prussian alkali, forms a precipitate 
weighing 600 grains;, for, vol. ii. p. 392, he 
reduces it to 590. Mr. Gadolin, in a masterly 
defence of Bergman^ published in the Swedish 
Memoirs for 1788, informs us, that Bergman 
dried his precipitate in the temperature of the 
atmosphere; and, according as that was warm 
or cold, moist or dry, the weight of the prpci* 
prtate varied from 602 to 595, but, when dried 



* fin! principsDj fiom the rttent, which foeaoeeds 12 J0 
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ill the temperatare of 160 or ISO"" Fahrenheit^ 
be constaotly found it to weigh 540 grains. 
The true account seems to be this: 304 grains 
alkali are requisite to take up the tinging mat-* 
ter of 280 grains of Prussiated iron^ the alkali 
should then weigh 304 + 140 = 444 grains^ 
but 80 grains of the alkali saturated in this 
manner take up 30 of calx of iron^ as Mr« 
Westrumb has demonstrated^ consequently 444 
should take up 111; then the precipitate should 
weigh 392 + HI =i 403^ the remainder may 
he argill> coal^ and moisture. 

I make no doubt but Bergman and Gadolin 
found the results as they have stated them ; 
but it is plain they make use of the same sort of 
Berlin blue in Prussiating their alkali; ano-* 
ther species of Berlin blue^ containing more or 
less argill^ charcoal^ or Prussiated iron^ would 
certainly produce a variance in the retent; and 
hence it is that every other chymist^ who has 
examined a Prussiated alkali^ formed like that 
of Bergman^ found the quantity of calx of iron 
it retained very different^ and if the retent be 
variable^ the weight of the precipitate^ dried 
how it may he^ must also be variable, and con« 
sequently this mode of determining the weight 
of iron in any fossil^ is not to be depended upon. 

Ist^ Dr. Withering employed analkali formed 
by the detonation of nitre and crystals of tartar^ 
just as Bergman did^ and boiled -it over Berlin 
blue until it was saturated. He does not^ in. 
deed^ tell us the proportion of Berlin blue to 
the alkali; neither is it material^ as Gadolin 
owns^ for he found no difference when the al-* 
kali was one-fourth^ one-eighth^ or even half* ; 
I II III I 

* Schwed. Abhandl. 1788, p. 115. 
TOZi. I. 6 g ^^^9 
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and, having added this Pl*ussiated alkltli to 4 
solution containing iron^ he fbiind the iireii^<^ 
tate dried in the temperature of the atftiotf- 
phere to weigh 66 grains; this then, accofdtn^ 
to Bergman, ought to contain II gtaiiis of me- 
tallic irofi, and, if we arc to make a deddctidii 
of the t'russian hlue contained in the alkdli^ 
•till less; yet Dr. Withering having calcined 
iJbe jprecipitate in a lo^ red Beat, found the 
whole to amoiiut to 31 grains todithalf^ and 
after deducting 11 and a half, whic^ were fM 
retent of the Frussiated alkali, the quantity itt 
the fossil amounted to 20 grains, hut this heing 
in a calcined state, must be farther reduced in 
the proportion of 140 to 100, and then ^ehat* 
14,29 of metallic iron instead of 11. 

Agvtin, it being established that Prussiafed 
iron is in a calcined state, and conf kins its oiVti 
t^'eight of the tinging acid, ind that 240 grath:^ 
of the alkali take up the tinging acid of 821 
grains of Prusstated iron, and coniequentljr 
110,5 of the tinging acid, it follows that 100 
grains of the alkali take up 46 of the tinging 
acid^ and, vice versa, 46 parts of the tinging 
acid require for their saturation 100 of vege- 
table alkali; if so, the 90 grains of cdx of 
iron found by Dr. Withering took up 90 of 
tinging matter, and this quantity of tinging 
matter required 43,48 of alkali, consequently 
its retent ought not, according to Bergman, to 
amount even to 2,4 grains of Prussiated iron; 
yet the Doctor found it to amount to 11,5 grains 
of calx, which when Prussiated amounted to 
S3 of Prussiated iron; here we have the weight 
of the precipitate clearly accounted for, 40 
grains being the part of the Prussiated iron 
contained in the fdssil, and 23 in the retent 

equal 
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eqirftl to 63; tlie ihtet fibuinii^ fraitt Veift^ 
^ ar^ill or itioisture 

Sfid^ Mr.We^truihbfohi^edtliyfeoftBfesI^ 
sort as Bergman^ by satcitatifa^ islgbt ouiKceft m 
Vegetable alkali With the tinging matter of the 
Berlin blue. Thit lye be etajyorated, iltia fonfatt 
to yield 10,61 ounces of FrUs^itited alkiili* ; it 
should certainly yield iniich mdt^ ( fo^ nihte Idd 
grains of alkali take iij[) 46 grains of the tiriglh^ 
acid, 8 ouriced = 3640 grains, shoiild take iitt 
1766 of thfe tinging aeid, and consequently Weigh 
11,66 ounces), had it not been that much of 
the natural salt thus formed is decomposed 
during the evaporation, as Mr. Westrumb 
himself has, shewn ; for, two ounces of this 
salt being re-dissolved, afforded one ounce and 
a half, and 12 grains of iron were deposited ; 
now 100 parts of this salt, being decomposed 
by vitriolic acid., afforded him 40 parts of 
Prussiated iron, and when decomposed by cal^ 
cination 19,3 of calx of iron. He also found, 
that after a few minutes the lye decon^poses 
solutions of alum, and other solutions that con- 
tain an excess of acid . 

Hence it sufficiently appears, without ad- 
ducing other testimonies, that this, test, thus 
prepared, is productive of many errors ; and 
that Mr. Bergman's computation of the quan- 
tities of iron is subject to two errors, which in 
some cases correct each other, one which makes 
the quantity of iron too small, by reckoning 
it only one-sixth part of the precipitate, and 
another that makes it too great, b v making too 
small an allowance for the retent of the Prussian 
alkali ; however^ sometimes one, and sometimes 

• and Westramb^ 15S, is6, kc. 

the 
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the other^ predomioates ; it should also he re* 
membered, that the quantities he indicates de-r 
note iron in a metallic state^ unless the contrary 
he expressly mentioned. 

The analyses of Klaproth and Westrumb ara 
free from these errors; lastly^ in those cases 
where stones are torrefied with aerated alkalis, 
it is diflScult to know whether the calx and 
magnesia found in them were originally aerated 
or not^ particularly when they abound. Berg* 
man is guided by toe excess or defect of weight. 
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